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SUMMARY
S e v e r a l  r o u t e s  t o  o p t i c a l l y  e n r i c h e d  2 - 
a z e t i d i n o n e s  h a v e  b e e n  i n v e s t i g a t e d .  T h e  m o s t
s u c c e s s f u l  o f  t h e s e  w a s  t h a t  b a s e d  o n  h i g h l y  
d i a s  t e r  e o s e l  e c t i v e  c y c l o a d d i t i o n  r e a c t i o n s  b e t w e e n  
h o m o c h i r a l  i m i n e s  d e r i v e d  f r o m  ( S ) - m e t h y l  l a c t a t e  a n d  a 
r a n g e  o f  a c h i r a l  k e t e n e s .  T h e  s y n t h e t i c  p o t e n t i a l  o f
t h e  r e s u l t i n g  a z e t i d i n o n e s  w i t h  r e s p e c t  t o  b i c y c l i c  f}- 
l a c t a m  f o r m a t i o n  h a s  a l s o  b e e n  i n v e s t i g a t e d .
1I n t r o d u c t i o n
A n t i b i o t i c s  c a n  b e  d e f i n e d  as  s u b s t a n c e s  w h i c h ,
w i t h o u t  possess ing  e n z y m e  c h a r a c t e r ,  c a n ,  w h e n  p r e s e n t  
i n  l o w  c o n c e n t r a t i o n s ,  i n h i b i t  t h e  c e l l  g r o w t h  p r o c e s s e s
o f  b a c t e r i a .
T o  d a t e ,  m o r e  t h a n  4 , 0 0 0  a n t i b i o t i c s  h a v e  b e e n  
i s o l a t e d  f r o m  m i c r o b i a l  s o u r c e s  a n d  m o r e  t h a n  3 0 , 0 0 0  
s y n t h e t i c  o r  s e m  i s y n t h e t i c a n t i b i o t i c s  h a v e  b e e n  
p r e p a r e d .  T h e  v a s t  m a j o r i t y  o f  t h e s e  c o m p o u n d s  c o n t a i n  
a ( 3 - l a c t a m  r i n g .  T h e s e  c o m p o u n d s ,  t h e  s o - c a l l e d  (3- 
l a c t a m  a n t i b i o t i c s ,  a r e  a m o n g s t  t h e  m o s t  e f f i c i e n t  
w e a p o n s  a v a i l a b l e  t o  p h y s i c i a n s  i n  t h e  f i g h t  a g a i n s t  
i n f e c t i o u s  d i s e a s e s .  A s  a r e s u l t ,  t h e  d e v e l o p m e n t  o f
n e w  ( 3 - l a c t a m a n t i b i o t i c s  r e m a i n s  o n e  o f  t h e  m o s t  a c t i v e  
a r e a s  o f  p h a r m a c e u t i c a l  r e s e a r c h .
T h e  a v a i l a b i l i t y  o f  a w i d e  r a n g e  o f  ( 3 - l a c t a m
a n t i b i o t i c s ,  s u i t a b l e  f o r  t h e  t r e a t m e n t  o r  p r e v e n t i o n  o f  
a b r o a d  s p e c t r u m  o f  b a c t e r i a l  i n f e c t i o n s ,  i s  n o w  t a k e n
f o r  g r a n t e d .  H o w e v e r ,  t h e  d i s c o v e r y  a n d  d e v e l o p m e n t  o f  
t h e s e  d r u g s  h a s  b e e n  a s l o w  a n d  l a b o r i o u s  p r o c e s s  
i n v o l v i n g  t h e  c o n t r i b u t i o n s  a n d  c o - o p e r a t i o n  o f  
c o u n t l e s s  r e s e a r c h  w o r k e r s  o v e r  m a n y  d e c a d e s .
T h e  f i r s t  s t e p  i n  t h e  d i s c o v e r y  o f  ( 3 - l a c t a m
a n t i b i o t i c s  c a m e  i n  1 9 2 9  w h e n  A l e x a n d e r  F l e m i n g
r e p o r t e d *  o n  t h e  a n t i b a c t e r i a l  a c t i v i t y  o f  t h e  m o u l d  
P e n i c i l l i u m . U n f o r t u n a t e l y ,  F l e m i n g  w a s  n o t ,
a p p a r e n t l y ,  o f  t h e  o p i n i o n  t h a t  t h e  e f f e c t s  w h i c h  h e  h a d
(1)
•o2c NH
OAc
(2)
2o b s e r v e d  i n  v i t r o  c o u l d  b e  e x t e n d e d  t o  l i v i n g  a n i m a l s .
A s  a r e s u l t ,  t h e r e  w a s  n o  f u r t h e r  a c t i v i t y  i n  t h e  
a r e a  u n t i l  1 9 4 0 ,  w h e n  F l o r e y  a n d  C h a i n ,  a t  O x f o r d ,
9
s u c c e s s f u l l y  i s o l a t e d  p e n i c i l l i n  N ( 1 ) ,  t h e  c o m p o u n d  
r e s p o n s i b l e  f o r  t h e  P e n i c i l l i u m  m o u l d ’ s r e m a r k a b l e  
a n t i b a c t e r i a l  a c t i v i t y .  S h o r t l y  t h e r e a f t e r  t h e  a c t u a l
s t r u c t u r e  o f  p e n i c i l l i n  N w a s  d e t e r m i n e d  b y  X - r a y  
c r y s t a l l o g r a p h y .
A t  a b o u t  t h e
S a r d i n i a ,  o b s e r v e d  a
m o u l d  C e p h a l o s p o r i u m
4t o  t h e  i s o l  a t i o n  
c e p h a l o s p o r i n  C ( 2 ) .
U s i n g  t h e s e  s t r u c t u r e s  a s  s t a r t i n g  p o i n t s ,  
r e s e a r c h e r s  s u c c e s s f u l l y  p r e p a r e d ,  o v e r  m a n y  y e a r s ,  a 
v a s t  r a n g e  o f  b o t h  p e n i c i l l i n s  a n d  c e p h a l o s p o r i n s  b y  
p a r t i a l  s y n t h e s i s .  T h e s e  n e w  c o m p o u n d s  d i f f e r e d  o n l y  
i n  t h e i r  a c y l a m i n o  s u b s t i t u e n t s  a n d ,  f o r  c e p h a l o s p o r i n s ,  
t h e i r  C - 3  s u b s t i t u e n t s .  A s  a r e s u l t  o f  s u c h  p e r i p h e r a l  
m o d i f i c a t i o n s  a  n u m b e r  o f  c l i n i c a l l y  u s e f u l  a n d  
c o m m e r c i a l l y  v i a b l e  p - l a c t a m  a n t i b i o t i c s  w e r e  p r o du c e d . * *
U n f o r t u n a t e l y ,  a s  a r e s u l t  o f  w i d e s p r e a d  a n d  o f t e n  
c a r e l e s s  o v e r u s e  o f  t h e s e  d r u g s ,  b a c t e r i a l  s t r a i n s  h a v e  
e m e r g e d  w h i c h  p r o d u c e  e n z y m e s ,  ^ - l a c t a m a s e s ,  c a p a b l e  o f  
d e s t r o y i n g  m a n y  p - l a c t a m  a n t i b i o t i c s  b e f o r e  t h e y  c a n  
r e a c h  t h e  t a r g e t  s i t e  i n  t h e  b a c t e r i u m .  C l e a r l y  t h e r e  
w a s  a n e e d  t o  d e v e l o p  n e w  f 3 - l a c t a m  a n t i b i o t i c s ,  c a p a b l e  
o f  r e s i s t i n g  t h e s e  e n z y m e s .  O n e  s u c h  g r o u p  o f
s a m e  t i m e  B r o t z u ,  w o r k i n g  i n  
s i m i l a r  a n t i b a c t e r i a l  e f f e c t  i n  t h e  
a c r e m o n i u m .  T h i s  l e d  e v e n t u a l l y  
a n d  s t r u c t u r a l  e l u c i d a t i o n ^  o f
C09H
I
dCHCH 2
NH 2
( 3)
0 H
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0
( k )
3c o m p o u n d s  e m e r g e d  i n  1 9 7 1 ,  w i t h  t h e  i s o l a t i o n ^  f r o m  
m i c r o b i a l  s y s t e m s  o f  t h e  cepha l ospor i n  a n a l o g u e
c e p h a m y c i n  ( 3 ) .  T h i s  c o m p o u n d  h a s  a v e r y  s i m i l a r
a n t i b a c t e r i a l  p r o f i l e  t o  t h e  c e p h a l o s p o r i n s .  H o w e v e r ,
t h e  p r e s e n c e  o f  t h e  7 - a - m e t h o x y  s u b s t i t u e n t  i m p a r t s  a 
f a r  g r e a t e r  s t a b i l i t y  a g a i n s t  ^ - l a c t a m a s e s .
M o r e  c o m p o u n d s  w i t h  t h e  h i g h l y  d e s i r a b l e  
p r o p e r t i e s  o f  c e p h a m y c i n  w e r e  c l e a r l y  n e e d e d .  I n  1 9 7 6  
t h e r e  w a s  a c o n s i d e r a b l e  b r e a k t h r o u g h  w h i c h  a l l o w e d  
f a i r l y  r a p i d  m o v e m e n t  t o w a r d s  t h i s  g o a l  : t h r e e
b i o g e n e t i c a l l y  n o v e l  P - l a c t a m  s y s t e m s ,  a l l  w i t h  v e r y  
d e s i r a b l e  b i o l o g i c a l  p r o p e r t i e s  w e r e  i s o l a t e d  f r o m  
m i c r o b i a l  s y s t e m s .
A o k i  e t  a l . .  w o r k i n g  a t  t h e  F u j i s a w a  R e s e a r c h
o
L a b o r a t o r i e s ,  i s o l a t e d  a n d  c h a r a c t e r i s e d  nocardicin A 
( 4 ) .  A l t h o u g h  o n l y  m o d e r a t e l y  a c t i v e  a g a i n s t  G r a m -  
n e g a t i v e  o r g a n i s m s ,  noc a r d i c i n  A  i s  p a r t i c u l a r l y  
n o t e w o r t h y  a s  t h e  f i r s t  m o n o c y c l i c  ^ - l a c t a m  t o  b e  
d i s c o v e r e d  w i t h  a n t i b a c t e r i a l  a c t i v i t y .  S e v e r a l
c l i n i c a l l y  u s e f u l  m o n o c y c l i c  p - l a c t a m  a n t i b i o t i c s  h a v e  
s u b s e q u e n t l y  b e e n  d e v e l o p e d .
T h e  i s o l a t i o n  a n d  s t r u c t u r e  d e t e r m i n a t i o n  o f  t h e  
o x a p e n a m  c l a v u l a n i c  a c i d  ( 5 )  w a s  c a r r i e d  o u t  
i n d e p e n d e n t l y  b y  w o r k e r s  a t  B e e c h a m ^ a a n d  a t  G l a x o .  ^  
S i n c e  t h e n  i t  h a s  b e c o m e  o n e  o f  t h e  m o s t  w i d e l y  u s e d  p -  
l a c t a m  d r u g s .  I t s  t h e r a p e u t i c  v a l u e  s t e m s  n o t  f r o m  i t s  
a n t i b a c t e r i a l  a c t i v i t y  ( w h i c h  i s ,  i n  i t s e l f  v e r y  m o d e s t )  
b u t  f r o m  i t s  a b i l i t y  t o  i r r e v e r s i b l y  i n h i b i t  a  w i d e  
r a n g e  o f  ^ - l a c t a m a s e s . T h u s  c l a v u l a n i c  a c i d ,  w h e n
H H
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4a d m i n i s t e r e d  a l o n g s i d e  a c o n v e n t i o n a l  ^ - l a c t a m  
a n t i b i o t i c ,  g r e a t l y  i n c r e a s e s  t h e  e f f e c t i v e  p o t e n c y  o f  
t h e  l a t t e r .
K a h a n  a n d  c o - w o r k e r s  i s o l a t e d * ®  a n d  c h a r a c t e r i s e d  
t h i e n a m y c i n  ( 6 ) ,  a  p o t e n t ,  b r o a d  s p e c t r u m  a n t i b i o t i c  
w i t h  n o t a b l e  n a t u r a l  s t a b i l i t y  a g a i n s t  ( 3 - l a c t a m a s e s .
T h e  d i s c o v e r y  o f  t h e s e  t h r e e  n o v e l  s y s t e m s  l e d  to
a n  e x p l o s i o n  o f  a c t i v i t y  i n  t h e  a r e a .  A s  a r e s u l t ,
m a n y  u n u s u a l  ^ - l a c t a m  s y s t e m s  w i t h  v e r y  d e s i r a b l e
b i o l o g i c a l  p r o p e r t i e s  w e r e  f o u n d ,  n o t  o n l y  b y  f u r t h e r
s c r e e n i n g  o f  m i c r o b i a l  s y s t e m s  b u t  a l s o  b y  b o t h  p a r t i a l
a n d  t o t a l  s y n t h e s i s .  E x a m p l e s  o f  s u c h  c o m p o u n d s
i n c l u d e :  s u l b a c t a m  ( 7 ) ,  a p o t e n t  ( 3 - l a c t a m a s e  i n h i b i t o r
p r e p a r e d  s e m i s y n t h e t i c a l l y ; * *  a z t h r e o n a m  ( 8 ) ,  a (3 -
l a c t a m a s e  s t a b l e  m o n o c y c l i c  | 3 - l a c t a m  p r e p a r e d  b y  t o t a l
s y n t h e s i s  a n d  h i g h l y  a c t i v e  a g a i n s t  g r a m  n e g a t i v e
o r g a n i s m s ; * 2 P S - 5  ( 9 ) ,  a c o m p o u n d  i s o l a t e d  i n  s m a l l
a m o u n t s  f r o m  f e r m e n t a t i o n  s y s t e m s  b u t  n o t e w o r t h y  f o r
b e i n g  a b r o a d  s p e c t r u m  a n t i b i o t i c  w i t h  i n h i b i t o r y
1 ^a c t i v i t y  a g a i n s t  a r a n g e  o f  ( 3 - l a c t a m a s e s  a n d  l - (3-  
m e t h y l c a r b a p e n e m  ( 1 0 ) ,  a c o m p o u n d  p r e p a r e d  b y  t o t a l  
s y n t h e s i s  a n d  f o u n d  t o  b e  h i g h l y  r e s i s t a n t  t o  (3- 
l a c t a m a s e s  w h i l e  r e t a i n i n g  t h e  e x c e l l e n t  a n t i b a c t e r i a l  
p r o p e r t i e s  o f  t h i e n a m y c i n . * 4
C l e a r l y ,  i f  m a n y  o f  t h e s e  c o m p o u n d s  a r e  t o  b e  
d e v e l o p e d  a s  v i a b l e  d r u g s  i t  i s  n e c e s s a r y  t o  d e v e l o p  
e f f i c i e n t  t o t a l  s y n t h e s e s .  H o w e v e r ,  a s  w i t h  m o s t
b i o l o g i c a l l y  a c t i v e  c o m p o u n d s ,  t h e  a c t i v i t y  o f  t h e s e  
m o l e c u l e s  d e p e n d s  c r u c i a l l y  o n  t h e  a b s o l u t e
R \ 3 ______ ^
0
5s t e r e o c h e m i s t r y  a t  e a c h  o f  t h e  c h i r a l  c e n t r e s  p r e s e n t .
C l e a r l y ,  t h e r e f o r e ,  a n y  a c c e p t a b l e  t o t a l  s y n t h e s i s  m u s t  
y i e l d  t h e  d e s i r e d  h o m o c h i r a l  d i a s t e r e o i s o m e r  a s  t h e  
m a j o r  p r o d u c t .
G e n e r a l l y  s p e a k i n g ,  i t  i s  o n l y  t h e  a b s o l u t e  
c o n f i g u r a t i o n  o f  t h e  t w o  c h i r a l  c e n t r e s  o n  t h e  f i - l a c t a m
r i n g  w h i c h  p r e s e n t  a p r o b l e m .  I f  t h e r e  a r e  o t h e r
c h i r a l  c e n t r e s  p r e s e n t  t h e y  a r e  u s u a l l y  r e l a t i v e l y  
s i m p l e  t o  i n t r o d u c e  i n  a c o n t r o l l e d  f a s h i o n .  T h u s  t he  
m a i n  p r o b l e m  t o  b e  o v e r c o m e  to  a l l o w  t o t a l  s y n t h e s i s  o f  
t h e s e  t a r g e t  m o l e c u l e s  is  t h e  p r o d u c t i o n  o f  a z e t i d i n o n e s  
( 1 1 ) w i t h  c o n t r o l  o f  t h e  a b s o l u t e  c o n f i g u r a t i o n  a t  
p o s i t i o n s  3 a n d  4 .
S e v e r a l  g r o u p s  h a v e  s u c c e s s f u l l y  s y n t h e s i s e d  
h o m o c h i r a l  a z e t i d i n o n e s  b y  u s i n g  t h e  f i x e d  c h i r a l  
c e n t r e s  o f  h o m o c h i r a l  s t a r t i n g  m a t e r i a l s  a s  t h e  n e w  
c h i r a l  c e n t r e s  i n  t h e  ^ - l a c t a m  r i n g . * ^  T h i s  a p p r o a c h ,  
h o w e v e r ,  g e n e r a l l y  r e q u i r e s  a l a r g e  n u m b e r  o f  s t e p s  a n d  
i s  n o t  f l e x i b l e  e n o u g h  t o  a l l o w  s y n t h e s i s  o f  a 
s i g n i f i c a n t  r a n g e  o f  u s e f u l  p r e c u r s o r s .
A  m u c h  m o r e  f l e x i b l e  a n d  d i r e c t  a p p r o a c h  i n v o l v e s  
t h e  a s y m m e t r i c  s y n t h e s i s  o f  t h e  p - l a c t a m  r i n g  u s i n g  t h e  
c h i r a l  c e n t r e  o f  a  h o m o c h i r a l  s t a r t i n g  m a t e r i a l  t o  
i n f l u e n c e  t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  n e w  c h i r a l  
c e n t r e s  b e i n g  f o r m e d  a t  p o s i t i o n s  3 a n d  4 i n  t h e  
a z e t i d i n o n e .
6T h e  f o l l o w i n g  s e c t i o n s  o u t l i n e  m u c h  o f  t h e  w o r k  
w h i c h  h a s  b e e n  c a r r i e d  o u t  i n  t h i s  a r e a .  P a r t i c u l a r
a t t e n t i o n  h a s  b e e n  p a i d  t o  t h o s e  a p p r o a c h e s  w h i c h  g i v e  
t h e  b e s t  a s y m m e t r i c  i n d u c t i o n  a n d  t o  t h o s e  w h i c h  y i e l d  
s y n t h e t i c a l l y  u s e f u l  p r o d u c t s .
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7K e t e n e - I m i n e  C y c l o a d d i t i o n
K e t e n e s  ( 1 2 )  w i l l  r e a c t  w i t h  i m i n e s  ( 1 3 )  i n  a 
f o r m a l  [ 2  + 2 ] - c y c l o a d d i t i o n  ( t h e  s o - c a l l e d  S t a u d i n g e r  
r e a c t i o n ) ,  t o  g i v e  a z e t i d i n o n e s  ( 1 4 ) .
D e s p i t e  c o n s i d e r a b l e  a t t e n t i o n ,  t h e  p i e c h a n i s m  o f  
t h i s  r e a c t i o n  i s  s t i l l  c o n t r o v e r s i a l  ( i t  i s  d i s c u s s e d  i n  
s o m e  d e t a i l  o n  p .  19 ).  H o w e v e r ,  i t  i s  g e n e r a l l y  f o u n d
t h a t ,  w h e n  ( E ) - i m i n e s  a r e  e m p l o y e d ,  t h i s  r e a c t i o n  w i l l  
a f f o r d  c i s - d i s u b s t i t u t e d  a z e t i d i n o n e s  w i t h  a v e r y  h i g h  
d e g r e e  o f  s t e r e o s e l e c t i v i t y .
C l e a r l y ,  i f  s o m e  c o n t r o l  i s  t o  b e  e x e r t e d  o n  t h e  
a b s o l u t e  s t e r e o c h e m i s t r i e s  a t  p o s i t i o n s  3 a n d  4 i n  t h e  p-  
l a c t a m  r i n g ,  a c h i r a l  a u x i l i a r y  m u s t  b e  i n c o r p o r a t e d  in  
o n e  ( o r  m o r e )  o f  R , R  a n d  R .
I n d e e d ,  c h i r a l i t y  h a s  b e e n  i n c o r p o r a t e d  i n  e a c h  o f  
t h e s e  t h r e e  p o s s i b l e  s i t e s ,  w i t h  v a r y i n g  d e g r e e s  o f  
s u c c e s s  i n  t e r m s  o f  c h i r a l  i n d u c t i o n  o n  c y c l o a d d i t i o n .
( i )  C h i r a l i t y  O n  R*
W o r k e r s  a t  M e r c k  S h a r p  a n d  D o h m e  used*** h o m o c h i r a l  
a c i d  c h l o r i d e  ( 1 5 ) ,  d e r i v e d  f r o m  ( + ) - 3 - h y d r o x y b u t y r i c  
a c i d ,  t o  g e n e r a t e  k e t e n e  ( 1 6 ) ,  w h i c h  w a s  r e a c t e d  i n  s i t u  
w i t h  i m i n e  ( 1 7 ) .  T h i s  g a v e  t h e  e x p e c t e d  c i s -
a z e t i d i n o n e  ( 1 8 )  i n  9 0 %  y i e l d ,  a s  a  7 : 1  m i x t u r e  o f  
d i a s t e r e o  i s o m e r s  ( 7 7 %  d . e ) .  p - L a c t a m  ( 1 8 )  w a s
c o n v e r t e d  to  ( 1 9 ) ,  a k n o w n  p r e c u r s o r  o f  c a r b a p e n e m s .
I n  a n  a t t e m p t  t o  p r o d u c e  o p t i c a l l y  e n r i c h e d  3 -
1 7a m i n o a z e t i d i n o n e s  E v a n s  a n d  S j o r g e n  r e a c t e d  h o m o c h i r a l  
k e t e n e  ( 2 0 ) ,  o b t a i n e d  f r o m  ( + ) - p h e n y l g l y c i n e ,  w i t h  i m i n e
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8( 2 1 ) .  T h i s  g a v e  ( 3 - l a c t a m  ( 2 2 )  i n  8 2 %  y i e l d  a n d  w i t h
d . e .  o f  9 0 % .  T h e  c h i r a l  a m i n o  p r o t e c t i o n  w a s  e a s i l y  
r e m o v e d  a n d  t h e  r e s u l t i n g  ( 3 - l a c t a m  s h o w n  t o  b e  a 
p r e c u r s o r  o f  i s o c e p h a l o s p o r i n s  ( 2 3 ) .
( i i )  C h i r a l i t y  O n
18 19H u b s c h w e r l e n  °  a n d  B o s e  i n d e p e n d e n t l y  s h o w e d
t h a t  r e a d i l y  a v a i l a b l e  h o m o c h i r a l  ( + ) -  o r  ( - ) -  g l y c e r -  
a l d e h y d e  a c e t o n i d e s  ( 2 4 )  c o u l d  b e  c o n v e r t e d  i n t o  c h i r a l  
i m i n e s  ( 2 5 ) .  T h e s e  r e a c t e d  i n  t u r n  i n  a h i g h l y
d i a s t e r e o s e l e c t i v e  m a n n e r  w i t h  t h e  k e t e n e s  d e r i v e d  f r o m  
a z i d o a c e t y l  c h l o r i d e  o r  p h t h a l i m i d o  a c e t y l  c h l o r i d e .  
T h e  r e s u l t i n g  ( 3 - l a c t a m s ,  w h i c h  w e r e  e s s e n t i a l l y  
o p t i c a l l y  p u r e ,  h a v e  b e e n  c o n v e r t e d  i n t o  s e v e r a l  
s y n t h e t i c a l l y  u s e f u l  s y s t e m s .
( i i i )  C h i r a l i t y  O n
C l e a r l y  a l a r g e  n u m b e r  o f  h o m o c h i r a l  i m i n e s  a r e  
r e a d i l y  a v a i l a b l e  b y  c o n d e n s a t i o n  o f  a l d e h y d e s  w i t h  
s u i t a b l y  p r o t e c t e d  a m i n o  a c i d s .  S e v e r a l  s u c h  i m i n e s  
h a v e  i n d e e d  b e e n  p r e p a r e d  a n d  r e a c t e d  w i t h  v a r i o u s  
k e t e n e s  t o  p r o d u c e  a z e t i d i n o n e s , w i t h  w i d e l y  v a r y i n g  
d e g r e e s  o f  s u c c e s s  i n  t e r m s  o f  a s y m m e t r i c  i n d u c t i o n .
J u s t  a n d  L i a k  r e a c t e d ^ ®  i m i n e  ( 2 6 ) ,  d e r i v e d  f r o m  
( - ) - s e r i n e  w i t h  t h e  k e t e n e  f r o m  a z i d o  a c e t y l  c h l o r i d e  to
y i e l d  ( 3 - l a c t a m  ( 2 7 ) .  U n f o r t u n a t e l y  i m i n e  ( 2 6 )  w a s
f o u n d  t o  h a v e  e p i m e r i s e d  e i t h e r  b e f o r e  o r  d u r i n g  
r e a c t i o n  a n d  l a c t a m  ( 2 7 ) ,  a l t h o u g h  a s i n g l e  
d i a s t e r e o i s o m e r ,  p r o v e d  t o  b e  r a c e m i c .
21H o w e v e r ,  w h e n  T e n n e s o n  a n d  B e l l e a u  r e a c t e d  
( +  ) - t h r e o n i n e - d e r i v e d  i m i n e  ( 2 8 )  w i t h  k e t e n e  ( 2 9 )  t h e  
p r o d u c t  ( 3 0 )  h a d  n o t  s u f f e r e d  e p i m e r i s a t i o n ;  ( 3 - l a c t a m
C02Duf
(37)
C02CH Ph
(39)
A r CO? R
(32)
N
0
0
(34-)
II
N ^ / A r
V
 ^ c o 2 r
(33)
0
o r t a
0
0
CO? R
(35)
•N
(36)
9( 3 0 )  w a s  p r o d u c e d  a s  a 9 : 1  ( 8 0 %  d . e )  m i x t u r e  o f  
h o m o c h i r a l  d i a s t e r e o i s o m e r s ;  i t  c a n  a c t  a s  a p r e c u r s o r  
o f  O . - 2 - i s o c e p h e m s .
I n  a v a r i a t i o n  o n  t h i s  a p p r o a c h  w o r k e r s  a t  t h e  
F u j i s a w a  P h a r m a c e u t i c a l  c o m p a n y  t r e a t e d  a r y l g l y c i n e s
( 3 1 )  w i t h  f o r m a l d e h y d e  t o  p r o d u c e  h o m o c h i r a l  t r i m e r
( 3 2 ) .  T h i s  t r i m e r  a c t s  a s  a s o u r c e  o f  u n s t a b l e
m e t h y l i d e n e  i m i n e s  ( 3 3 )  w h e n  t r e a t e d  w i t h  b o r o n  
t r i f l u o r i d e  e t h e r a t e .  W h e n  g e n e r a t e d  i n  t h e  p r e s e n c e
o f  k e t e n e  ( 3 4 ) ,  i m i n e s  ( 3 3 )  y i e l d e d  t h e  4 - u n s u b s t i t u t e d  
a z e t i d i n o n e s  ( 3 5 )  a s  3 : 1  t o  1 0 : 1  m i x t u r e s  o f  
d i a s t e r e o i s o m e r s  a n d  i n  3 9 - 8 7 %  y i e l d ,  d e p e n d i n g  o n  t h e  
r e a c t i o n  c o n d i t i o n s  a n d  o n  t h e  a r y l g l y c i n e  u s e d .
C l e a r l y  t h i s  p r o c e s s  h a s  c o n s i d e r a b l e  v a l u e  a s  a 
s o u r c e  o f  o p t i c a l l y  e n r i c h e d  4 - u n s u b s t i t u t e d  ( 3 - l a c t a m s ,  
p o t e n t i a l  p r e c u r s o r s  o f  a n u m b e r  o f  b i o l o g i c a l l y  
i m p o r t a n t  m o n o c y c l i c  ( 3 - l a c t a m s .  I n d e e d ,  l a c t a m  ( 3 5 )  
h a s  b e e n  s h o w n  to  b e  a v i a b l e  s y n t h e t i c  p r e c u r s o r  o f  t he  
n o c a r d i c i n s .  T h e  b a s i c  n o c a r d i c i n  n u c l e u s ,  3 - a m i n o -  
n o c a r d i c i n i c  a c i d  ( 3 6 ) ,  h a s  b e e n  s y n t h e s i s e d  u s i n g  t h i s  
r o u t e ,  a s  s h o w n .
T h i s  a m i n o  a c i d  b a s e d  a p p r o a c h  i s ,  h o w e v e r ,  n o t  o f  
g e n e r a l l y  a p p l i c a b i l i t y  i n  a s y m m e t r i c  (3 - l a c t a m  
s y n t h e s i s .  A  l a r g e  n u m b e r  o f  a m i n o  a c i d  d e r i v e d  i m i n e s ,  
i n c l u d i n g  ( 3 7 ) - ( 3 9 ) ,  h a v e  b e e n  r e a c t e d ^  w i t h  k e t e n e s  
s u c h  a s  ( 2 9 )  t o  p r o d u c e  t h e  e x p e c t e d  c i s_ - (3 - l a c t a m s ,  b u t  
u n f o r t u n a t e l y  t h e  r e a c t i o n s  h a v e  p r o c e e d e d  w i t h  l i t t l e  
o r  n o  d i a s t e r e o s e l e c t i v i t y .
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E s t e r  E n o l a t e  - I m i n e  C o n d e n s a t i o n
I m i n e s  ( 4 0 )  w i l l  u n d e r g o  c o n d e n s a t i o n  w i t h  t h e  
e n o l a t e s  o f  a l k y l  e s t e r s  ( 4 1 ) ,  t h i o e s t e r s  ( 4 2 )  o r  s i l y l  
k e t e n e  a c e t a l s  ( 4 3 )  ( t h e  l a s t  i n  t h e  p r e s e n c e  o f  L e w i s  
a c i d s )  t o  g i v e  ( 3 - l a c t a m s  ( 4 4 ) ,  v i a  m e t a l l o a m i n e  P - a m i n o  
e s t e r s  ( 4 5 ) .
C l e a r l y ,  i f  a n y  a s y m m e t r i c  i n d u c t i o n  i s  t o  b e  
a c h i e v e d  i n  t h e  f o r m a t i o n  o f  a z e t i d i n o n e s  ( 4 4 )  t h e n  a 
s u i t a b l e  c h i r a l  a u x i l i a r y  m u s t  b e  i n c o r p o r a t e d  i n t o  o n e  
o f  t h e  f o u r  R g r o u p s ,  R* - R ^ .  O f  t h e s e  f o u r  p o s s i b l e  
a p p r o a c h e s  t h e  u s e  o f  c h i r a l i t y  o n  R * ,  R ^  a n d  R ^  h a s  
b e e n  w i d e l y  s t u d i e d ,  g e n e r a l l y  w i t h  a f a i r  d e g r e e  o f
a
s u c c e s s .  I m i n e s  w i t h  c h i r a l i t y  o n  R , h o w e v e r ,  h a v e  
a t t r a c t e d  c o m p a r a t i v e l y  l i t t l e  a t t e n t i o n .  T h i s  i s
a l m o s t  c e r t a i n l y  b e c a u s e  a n y  s y n t h e t i c a l l y  u s e f u l  i m i n e  
w i t h  c h i r a l i t y  o n  R  w o u l d  b e  e n o l i s a b l e .  U n d e r  t h e  
b a s i c  c o n d i t i o n s  o f  t h e  c o n d e n s a t i o n  r e a c t i o n  t h e  i m i n e  
m a y  t h e r e f o r e  s u f f e r  p r o t o n  a b s t r a c t i o n .  T h i s  w o u l d
i n t r o d u c e  t h e  p o s s i b i l i t y  o f  s i d e  r e a c t i o n s  ( f o r  e x a m p l e  
s e l f  c o n d e n s a t i o n  o f  t h e  i m i n e )  a n d  o f  i m i n e  
r a c e m i s a t i o n  ( i f  t h e  c h i r a l  c e n t r e  p r e s e n t  w a s  a t  t h e  op­
p o s i t i o n )  .
( i )  C h i r a l i t y  O n  R*
S e v e r a l  g r o u p s  h a v e  s u c c e s s f u l l y  c o n d e n s e d  
e n o l a t e s  a n d  t h i o e n o l a t e s  d e r i v e d  f r o m  r e a d i l y  a v a i l a b l e  
( +  ) -  o r  ( - ) - 3 - h y d r o x y  b u t y r i c  a c i d  ( 4 6 )  w i t h  v a r i o u s  
i m i n e s .  T h e  r e s u l t i n g  3 - ( h y d r o x y e t h y l ) - s u b s t i t u t e d
a z e t i d i n o n e s  w e r e  g e n e r a l l y  p r o d u c e d  w i t h  v e r y  h i g h
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d i a s t e r e o s e l e c t i v i t y .
O AH a r t  a n d  c o - w o r k e r s  r e a c t e d  t h e  l i t h i u m  e s t e r  
e n o l a t e  o f  e t h y l  ( - ) - 3 - h y d r o x y b u t y r a t e  w i t h  N - s i l v l i m i n e  
( 4 7 )  t o  y i e l d  t h e  t h r e e  ^ - l a c t a m s  ( 4 8 ) ,  ( 4 9 )  a n d  ( 5 0 )  in  
a r a t i o  o f  6 6 : 1 8 : 3 .
9  c
S i m i l a r l y ,  C h i b a  a n d  N a k a i  c o m b i n e d  t h e  l i t h i u m  
e s t e r  e n o l a t e  d e r i v e d  f r o m  ( 4 6 )  w i t h  N - s i l y l i m i n e  ( 5 1 )  
t o  g i v e  ( 3 - l a c t a m  ( 5 2 )  i n  7 9  % d . e .  L a c t a m  ( 5 2 )  w a s  
s h o w n  t o  b e  a p r e c u r s o r  o f  t h i e n a m y c i n  ( 6 ) .  O t h e r
g r o u p s  h a v e  u s e d  t h i s  a p p r o a c h  to  s y n t h e s i s e  v a r i o u s  
b i o l o g i c a l l y  a c t i v e  c a r b a p e n e m  s y s t e m s  s u c h  as  P S - 5
9 7
a n d  e p i t h i e n a m y c i n  w i t h  h i g h  d e g r e e s  o f  a s y m m e t r i c  
i n d u c t i o n .
I n  a r e l a t e d  a p p r o a c h  h o m o c h i r a l  v i n y  l o x y b o r a n e  
( 5 3 ) ,  p r e p a r e d  f r o m  ( - ) - 3 - h y d r o x y b u t y r i c  a c i d ,  w a s  
c o n d e n s e d ^ ®  w i t h  i m i n e  ( 5 4 )  t o  g i v e  ( 3 - a m i n o t h i o l  ( 5 5 )  in  
5 5 %  c h e m i c a l  y i e l d  a n d  9 0 %  d . e .  H y d r o l y s i s  a n d
c y c l i s a t i o n  g a v e  ( 3 - l a c t a m  ( 5 6 ) ,  w h i c h  w a s  r e a d i l y  
c o n v e r t e d  i n t o  t h e  k n o w n  1 - ( 3 - m e t h y l c a r b a p e n e m  p r e c u r s o r  
( 5 7 ) .  T h e  s a m e  g r o u p  s h o w e d  t h a t  t h i s  a p p r o a c h  c o u l d  
b e  e x t e n d e d  m o r e  g e n e r a l l y  t o  a s y m m e t r i c  ( 3 - l a c t a m
9 Q
s y n t h e s i s  7 b y  c o n d e n s i n g  ( 5 3 )  w i t h  a  w i d e  r a n g e  o f  
i m i n e s  t o  p r o d u c e  a n u m b e r  o f  p o t e n t i a l l y  u s e f u l  
a z e t i d i n o n e s  w i t h  e x c e l l e n t  a s y m m e t r i c  i n d u c t i o n .
( i i )  C h i r a l i t y  O n
T h e  f i r s t  a t t e m p t e d  a s y m m e t r i c  s y n t h e s i s  o f  t h i s  
t y p e  i n v o l v e d  t h e  R e f o r m a t s k y  r e a c t i o n  o f  h o m o c h i r a l
-a n
m e n t h y l  a - b r o m o e s t e r  ( 5 8 )  w i t h  i m i n e s  s u c h  as  ( 5 9 ) .
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T h e s e  r e a c t i o n s  w e r e  f o u n d  t o  p r o c e e d  w i t h  m o d e s t  
d i a s t e r e o s e l e c t i v i t i e s , t h e  r e s u l t i n g  ^ - l a c t a m s  b e i n g  
p r o d u c e d  i n  2 - 2 8 %  d . e .  L a t e r  G l u c h o w s k i  a n d  c o - w o r k e r s
-j 1
s h o w e d  t h a t  t h e  l i t h i u m  e n o l a t e  o f  e s t e r  ( 6 0 ) ,  d e r i v e d  
f r o m  ( - ) - m e n t h o l  a n d  2 - p h e n y l p r o p i o n i c  a c i d  r e a c t e d  w i t h  
i m i n e  ( 6 1 )  to  g i v e  ^ - l a c t a m  ( 6 2 )  i n  6 0 %  e . e .
a o
A v a r i a t i o n  o n  t h i s  a p p r o a c h  w a s  u s e d  by  H a r t  e t  
al  i n  a n  a s y m m e t r i c  s y n t h e s i s  o f  P S - 5  ( 9 ) .  T h e  ( + ) -  
c a m p h o r  de r i ve d  e s t e r  ( 6 3 )  w a s  c o n v e r t e d  i n t o  i t s  
l i t h i u m  e s t e r  e n o l a t e  a n d  r e a c t e d  w i t h  i m i n e  ( 6 4 ) .  
T h i s  g a v e  P - l a c t a m  ( 6 5 )  i n  7 9 %  c h e m i c a l  y i e l d  a n d  9 1 %  
e . e .  L a c t a m  ( 6 5 )  w a s  t h e n  c o n v e r t e d  i n t o  t h e  k n o w n  PS-  
5 p r e c u r s o r  ( 6 6 ) .
'J 'J
G e n n a r i  e t  a l  s h o w e d  t h a t  h o m o c h i r a l  s i l y l k e t e n e  
a c e t a l  ( 6 7 ) ,  r e a d i l y  p r e p a r e d  f r o m  N - m e t h y l e p h e d r i n e ,  
r e a c t e d  w i t h  i m i n e  ( 6 8 ) ,  i n  t h e  p r e s e n c e  o f  t i t a n i u m  
t e t r a c h l o r i d e ,  t o  g i v e  f l - a m i n o e s t e r  ( 6 9 )  i n  7 0 %  o v e r a l l  
y i e l d  a n d  7 5 %  d . e .  H y d r o g e n o l y s i s  o f  t h e  b e n z y l i c
c h i r a l  a u x i l i a r y ,  f o l l o w e d  b y  r i n g  c l o s u r e  g a v e  t h e  P S - 5  
p r e c u r s o r  ( 7 0 ) ,  a s  s h o w n .
I n  a s y n t h e t i c a l l y  r e l a t e d  a p p r o a c h  i t  h a s  b e e n  
s h o w n  t h a t  h o m o c h i r a l  i r o n  a c y l  c o m p o u n d s ,  w i t h  t h e  
c h i r a l i t y  l o c a t e d  o n  t h e  i r o n ,  w i l l  f o r m  e n o l a t e s  
c a p a b l e  o f  r e a c t i n g  i n  a h i g h l y  d i a s t e r e o s e l e c t i v e  
m a n n e r  w i t h  a c h i r a l  i m i n e s .  O x i d a t i v e  c l e a v a g e  o f  t he
r e s u l t i n g  p - a m i n o  i r o n  a c y l  c o m p o u n d s  f u r n i s h e s  
o p t i c a l l y  e n r i c h e d  p - l a c t a m s  d i r e c t l y .  F o r  e x a m p l e ,
L i e b e s k i n d  e t  a l  s h o w e d ^  t h a t  i r o n  a c y l  ( 7 1 ) ,  a v a i l a b l e  
i n  h o m o c h i r a l  f o r m  c o u l d  b e  c o n v e r t e d  i n t o  a l u m i n i u m
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e n o l a t e  ( 7 2 ) ,  w h i c h  r e a c t e d  i n  t u r n  w i t h  a r a n g e  o f  
i m i n e s  w i t h  u s e f u l  a s y m m e t r i c  i n d u c t i o n .  T h u s ,
r e a c t i o n  o f  i m i n e  ( 7 3 )  w i t h  e n o l a t e  ( 7 2 )  g a v e  ( 7 4 )  w h i c h  
w a s  o x i d a t i v e l y  c l e a v e d  to  P - l a c t a m  ( 7 5 ) ,  i n  7 5 %  o v e r a l l  
y i e l d  a n d  w i t h  9 2 %  e . e .
( i i i )  C h i r a l i t y  O n
O v e r m a n  a n d  O s a w a  g e n e r a t e d  h o m o c h i r a l
m e t h y l i d e n e  i m i n e  ( 7 6 )  by  i n  s i t u  b a s e  t r e a t m e n t  o f  t h e  
s e c o n d a r y  N - ( c y a n o  m e t h y l )  a m i n e  ( 7 7 ) ,  d e r i v e d  f r o m  ( - ) -  
4 - h y  d r o x y p h e n y  l g l y c i n e . I m i n e  ( 7 6 )  r e a c t e d  w i t h
l i t h i u m  e s t e r  e n o l a t e  ( 7 8 )  t o  g i v e  t h e  3 - a m i n o  P - l a c t a m  
( 7 9 )  i n  7 2 %  c h e m i c a l  y i e l d ,  a s  a n  1 1 : 1  m i x t u r e  o f  
d i a s t e r e o i s o m e r s  ( 9 2 %  d . e ) .  T h i s  r o u t e  h a s  o b v i o u s
p o t e n t i a l  f o r  t h e  s y n t h e s i s  o f  n o v e l  3 - a m i n o  
4 - u n s u b s t i t u t e d  a z e t i d i n o n e s  s u c h  a s  t h e  n o c a r d i c i n s .
C h i r a l  i m i n e  ( 8 0 ) ,  p r e p a r e d ^  b y  M u k a i y a n a  e t  al  
f r o m  ( + ) - a - m e t h y l b e n z y l a m i n e ,  w a s  c o n d e n s e d  w i t h  t h e  
t i n ( I I )  e n o l a t e  o f  t h i o e s t e r  ( 8 1 ) .  T h e  r e s u l t i n g  p -
a m i n o t h i o e s t e r  ( 8  2 )  c y c l i s e d  t o  g i v e  c i s - a z e t i d i n o n e  
( 8 3 )  w i t h  7 0 %  d . e . ,  a s  d e t e r m i n e d  b y  c h i r a l  s t a t i o n a r y
p h a s e  c h r o m a t o g r a p h y .
I n  a c o m p l e m e n t a r y  p r o c e s s ,  S h i b a s a k i  a n d  c o ­
w o r k e r s  t r a n s f o r m e d ^ ^  t h i o e s t e r  ( 8 4 )  i n t o  b o r o n  e n o l a t e  
( 8 5 ) .  R e a c t i o n  o f  ( 8 5 )  w i t h  ( - ) - a - m e t h y l b e n z y l a m i n e
d e r i v e d  i m i n e  ( 8 6 )  g a v e  t h e  t r a n s - B - l a c t a m  ( 8 7 )  i n  6 8 %  
y i e l d  a n d  w i t h  9 5 %  d . e .  C o m p o u n d s  ( 8 7 )  a n d  ( 8 3 )  h a v e  
b o t h  b e e n  s h o w n  to  a c t  as  p r e c u r s o r s  o f  P S - 5 .
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13 + 2 1 - D i p o l a r  C v c l o a d d i t o n s
N i t r o n e s  ( 8 8 )  r e a c t  w i t h  a ^ - u n s a t u r a t e d  e s t e r s  
( 8 9 )  t o  g i v e  i s o x a z o l i d i n e s  ( 9 0 ) .  T h e s e  c a n  b e
r e d u c e d  t o  P - a m i n o  e s t e r s  ( 9 1 )  w h i c h  y i e l d  P ~ l a c t a m s  o n  
r i n g  c l o s u r e .  S e v e r a l  a s y m m e t r i c  P - l a c t a m  s y n t h e s e s
b a s e d  o n  t h i s  a p p r o a c h  h a v e  b e e n  c a r r i e d  o u t .
3 RF u k u m o t o  a n d  c o - w o r k e r s  e m p l o y e d  c h i r a l  a l d e h y d e  
( 9 2 ) ,  r e a d i l y  a v a i l a b l e  f r o m  e s t e r  ( 9 3 ) ,  t o  p r e p a r e  
h o m o c h i r a l  n i t r o n e  ( 9 4 ) .  T h i s  r e a c t e d  w i t h  b e n z y l
c r o t o n a t e  ( 9 5 )  t o  g i v e  i s o x a z o l i d i n e s  ( 9 6 a )  a n d  ( 9 6 b )  as 
t h e  m a j o r  p r o d u c t s ,  i n  2 3 %  c o m b i n e d  y i e l d  f r o m  
h o m o c h i r a l  e s t e r  ( 9 3 ) .  C a t a l y t i c  h y d r o g e n a t i o n  o f
( 9 6 b ) ,  f o l l o w e d  b y  r i n g  c l o s u r e ,  g a v e  P - l a c t a m  ( 9 7 )  i n  
e s s e n t i a l l y  o p t i c a l l y  p u r e  f o r m .  L a c t a m  ( 9 7 )  w a s
s h o w n  to  b e  a p r e c u r s o r  o f  1 - P - m e t h y l c a r b a p e n e m  ( 1 0 ) .
K a m e t a n i  u s e d  ( R ) - N _ - ( m e t h y l b e n z y l ) h y d r o x y  l a m i n e  
( 9 8 )  t o  p r e p a r e ^  c h i r a l  n i t r o n e  ( 9 9 ) .  T h i s  n i t r o n e  
r e a c t e d  w i t h  b e n z y l  c r o t o n a t e  ( 9 5 )  t o  g i v e  a m i x t u r e  o f  
i s o x a z o l i d i n e s  ( 1 0 0 )  w h i c h  w a s  c o n v e r t e d  i n t o  a m i x t u r e  
o f  c i s  a n d  t r a n s - p - l a c  t a rns  ( 1 0 1 )  a n d  ( 1 0 2 ) .  S e p a r a t i o n  
a l l o w e d  t h e  i s o l a t i o n  o f  ( 1 0 2 )  i n  2 4 . 5 %  o v e r a l l  c h e m i c a l  
y i e l d  a n d  i n  d . e .  g r e a t e r  t h a n  9 8 % .  L a c t a m  ( 1 0 2 )  w a s  
c o n v e r t e d  i n t o  t h e  t h i e n a m y c i n  p r e c u r s o r  ( 1 0 3 ) ,  a s  
s h o w n .
K a m e t a n i  a n d  c o - w o r k e r s  h a v e  a d d i t i o n a l l y  s h o w n ^ ®  
t h a t  c h i r a l  n i t r o n e  ( 1 0 4 ) ,  p r e p a r e d  f r o m  ( - ) - m e n t h y l  
g l y o x y l a t e  h y d r a t e  ( 1 0 5 ) ,  w i l l  r e a c t  w i t h  b e n z y l
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c r o t o n a t e  t o  f u r n i s h ,  a f t e r  h y d r o g e n a t i o n  a n d  r i n g  
c l o s u r e ,  ( 3 - l a c t a m  ( 1 0 6 )  i n  e s s e n t i a l l y  o p t i c a l l y  p u r e  
f o r m ,  b u t  i n  a n  o v e r a l l  y i e l d  o f  o n l y  12 %.
L a c t a m  ( 1 0 6 )  w a s  c o n v e r t e d  i n t o  t h e  4 - a c e t o x y -  
a z e t i d i n o n e  ( 1 0 7 ) ,  a k n o w n  p r e c u r s o r  o f  p e n e m s  a n d  
c a r b a p e n e m s .
I n  a c l o s e l y  r e l a t e d  a p p r o a c h ,  n i t r i l e  o x i d e s  
( 1 0 8 )  r e a c t  w i t h  a ( 3 - u n s  a t u r a t e d  e s t e r s  ( 1 0 9 )  t o  g i v e  
i s o x a z o l i n e s  ( 1 1 0 ) .  O n c e  m o r e  c a t a l y t i c  h y d r o g e n a t i o n  
f o l l o w e d  b y  r i n g  c l o s u r e  c a n  f u r n i s h  ( 3 - l a c t a m s  ( 1 1 1 ) .  
F o r  e x a m p l e ,  K a m e t a n i  r e a c t e d ^ *  n i t r i l e  o x i d e  ( 1 1 2 )  w i t h  
h o m o c h i r a l  ( - ) - m e n t h y l  c r o t o n a t e  ( 1 1 3 ) .  T h i s  g a v e  t w o  
d i a s t e r e o i s o m e r i c  i s o x a z o l i n e s  ( 1 1 4 )  a n d  ( 1 1 5 ) .  T h e s e  
w e r e  n o t  s e p a r a t e d  b u t  w e r e  c o n v e r t e d  i n t o  a m i x t u r e  o f  
t h e  c o r r e s p o n d i n g  ( 3 - l a c t a m s  ( 1 1 6 )  a n d  ( 1 1 7 ) .  L a c t a m  
( 1 1 6 )  w a s  f o u n d  t o  b e  p r o d u c e d  w i t h  o n l y  2 0 %  e . e . ;
i s o m e r  ( 1 1 7 ) ,  h o w e v e r  w a s  f o u n d  t o  p o s s e s s  8 5 %  e . e .  
L a c t a m  ( 1 1 7 )  h a s  a p p r o p r i a t e  a b s o l u t e  c o n f i g u r a t i o n  a n d  
f u n c t i o n a l i t y  f o r  c o n v e r s i o n  i n t o  e p i t h i e n a m y c i n  A 
( 1 1 8 ) .
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M i s c e l l a n e o u s
V a r i o u s  o t h e r  a p p r o a c h e s  i n v o l v i n g  a s y m m e t r i c  
i n d u c t i o n  h a v e  b e e n  u s e d  to  p r o d u c e  o p t i c a l l y  e n r i c h e d  (3- 
l a c t a m s .
A
E v a n s  a n d  S j o r g e n  r e a c t e d  h o m o c h i r a l  b o r o n  
e n o l a t e  ( 1 1 9 ) ,  d e r i v e d  f r o m  ( + ) - n o r e p h e d r i n e ,  w i t h  
a l d e h y d e  ( 1 2 0 )  i n  a n  a s y m m e t r i c  a l d o l  r e a c t i o n ,  to g i v e  
p - h y d r o x y  a m i d e  ( 1 2 1 ) ,  a p p a r e n t l y  a s  a s i n g l e  
d i a s t e r e o i s o m e r .  A m i d e  ( 1 2 1 )  w a s  c o n v e r t e d  i n t o
e n a n t i o m e r i c a l l y  p u r e  P S - 5  ( 9 ) .  T h e  ( - ) - c y s t e i n e -
d e r i v e d  b o r o n  e n o l a t e  ( 1 2 2 )  u n d e r w e n t ^  a s i m i l a r  
r e a c t i o n  w i t h  a l d e h y d e  ( 1 2 3 )  t o  g i v e  p - h y d r o x y  a m i d e  
( 1 2 4 ) ,  w h i c h  i n  t u r n  f u r n i s h e d  t h e  P S - 5  p r e c u r s o r  ( 1 2 5 )  
w i t h  at  l e a s t  9 3 %  e . e .
B r o w n  a n d  S o u t h g a t e  s h o w e d ^  t h a t  h o m o c h i r a l  
d i a z o a l k a n e  ( 1 2 6 )  ( p r e p a r e d  f r o m  ( - ) - 3 - a m i n o - 2 - m e t h y  1- 
p r o p a n - l - o l )  u n d e r w e n t  a r h o d i u m ( I I ) -  c a t a l y s e d  
i n s e r t i o n  r e a c t i o n  t o  g i v e  t r a n s  P - l a c t a m  ( 1 2 7 )  a s  a 
1 0 : 1  m i x t u r e  o f  d i a s t e r e o i s o m e r s .  L a c t a m  ( 1 2 7 )  c a n
a c t  as  a  v e r s a t i l e  p r e c u r s o r  o f  c a r b a p e n e m s .
H o m o c h i r a l  ( Z ) - a p - u n s a t u r a t e d  e s t e r  ( 1 2 8 ) ,  r e a d i l y  
a v a i l a b l e  f r o m  ( + ) - g l y c e r a l d e h y d e  a c e t o n i d e ,  w a s  s h o w n ^  
b y  Y a m a d a  e t  a l  t o  undergo a h i g h l y  d i a s t e r e o s e l e c t i v e  
M i c h a e l  a d d i t i o n  r e a c t i o n  w i t h  b e n z y l a m i n e  t o  y i e l d  p-  
a m i n o  e s t e r  ( 1 2 9 )  w i t h  8 7 . 5 %  d . e .  R i n g  c l o s u r e  o f  
( 1 2 9 )  y i e l d e d  a z e t i d i n o n e  ( 1 3 0 )  w i t h  h i g h  o p t i c a l  
p u r i t y .  T h e  k n o w n  t h i e n a m y c i n  p r e c u r s o r  ( 1 3 1 )  w a s
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r e a d i l y  p r e p a r e d  f r o m  ( 1 3 0 ) .
I n  a r e l a t e d  a p p r o a c h ,  D a v i e s  s h o w e d ' * * *  t h a t  
h o m o c h i r a l  ( E ) - c r o t o n y l  i r o n  c o m p l e x  ( 1 3 2 )  r e a c t e d  i n  a
1 , 4 - f a s h i o n  w i t h  l i t h i u m  b e n z y l a m i d e  t o  g i v e  e n o l a t e  
( 1 3 3 ) .  T h i s  u n d e r w e n t  p r o t o n a t i o n  t o  p r o v i d e  t h e  p -  
a m i n o  a c y l  c o m p l e x  ( 1 3 4 )  a s  a s i n g l e  d i a s t e r e o i s o m e r .  
D e c o m p l e x a t i o n  g a v e  P - l a c t a m  ( 1 3 5 )  w i t h  e . e .  g r e a t e r  
t h a n  9 9 % .  A l t e r n a t i v e l y  e n o l a t e  ( 1 3 3 )  c a n  b e
m e t h y l a t e d  a n d  t h e n  d e c o m p l e x e d  to  y i e l d  P - l a c t a m  ( 1 3 6 )  
w i t h  e . e .  a g a i n  g r e a t e r  t h a n  9 9 %.
O n e  o t h e r  a p p r o a c h  to  a z e t i d i n o n e s  o f  h i g h  o p t i c a l  
p u r i t y  i s  w e l l  w o r t h y  o f  m e n t i o n .  R a c e m i c  4 - a c e t o x y  
a z e t i d i n o n e  ( 1 3 7 )  h a s  b e e n  r e a c t e d  s u c c e s s f u l l y  w i t h  
s e v e r a l  h o m o c h i r a l  n u c l e o p h i l e s  t o  y i e l d  P - l a c t a m s  ( 1 3 8 )  
w i t h  v e r y  h i g h  d i a s t e r e o s e l e c t i v i t i e s .  S u c h  r e a c t i o n s
h a v e  b e e n  p o s t u l a t e d * ^  t o  p r o c e e d  v i a  t h e  p r o c h i r a l  
p l a n a r  i n t e r m e d i a t e  ( 1 3 9 ) .
F o r  e x a m p l e ,  F u j i t a  e t  a l  t r e a t e d * ®  t h e  h o m o c h i r a l  
t i n ( I I )  e n o l a t e  ( 1 4 0 )  w i t h  r a c e m i c  4 - a c e t o x y  a z e t i d i n o n e  
( 1 3 7 ) .  T h i s  y i e l d e d  p - l a c t a m  ( 1 4 1 )  i n  8 2 %  y i e l d  a n d  
w i t h  9 0 %  d . e .  F u r t h e r  t r a n s f o r m a t i o n s  p r o v i d e d  t h e
u s e f u l  c a r b a p e n e m  p r e c u r s o r  ( 1 4 2 ) .  W o r k e r s  a t  M e r c k  
S h a r p  a n d  D o h m e  h a v e  s i m i l a r l y  s h o w n * ^  t h a t  t h e  r e l a t e d  
v a l i n e - d e r i v e d  b o r o n  e n o l a t e  ( 1 4 3 )  r e a c t e d  w i t h  l a c t a m  
( 1 3 7 ) ,  i n  t h e  p r e s e n c e  o f  z i n c  b r o m i d e ,  t o  g i v e  t h e  
a n a l o g o u s  p - l a c t a m  ( 1 4 4 )  i n  9 5 %  y i e l d  a n d  w i t h  g r e a t e r  
t h a n  9 8 %  d . e .
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D i s c u s s i o n
T h e  t w o  a p p r o a c h e s  w h i c h  h a v e  p r o v i d e d  t h e  m o s t  
g e n e r a l  a n d  d i r e c t  r o u t e s  t o  a w i d e  r a n g e  o f  
b i o l o g i c a l l y  a c t i v e  f $ - l a c t a m s  i n v o l v e  t h e  r e a c t i o n  o f  
i m i n e s  w i t h  e i t h e r  k e t e n e s  o r  l i t h i u m  e s t e r  e n o l a t e s .  
C l e a r l y  t h i s  i s  t h e  a r e a  w h e r e  a s y m m e t r i c  s y n t h e s i s  h a s  
t h e  g r e a t e s t  p o t e n t i a l .  A c c o r d i n g l y ,  t h e  r e s e a r c h
p r o g r a m  d e s c r i b e d  h e r e i n  c o n c e n t r a t e d  o n  e f f o r t s  t o  
o b t a i n  o p t i c a l l y  e n r i c h e d  p - l a c t a m s  u s i n g  a s y m m e t r i c  
s y n t h e s e s  b a s e d  o n  t h e s e  t w o  r e a c t i o n s .
A l t h o u g h  t h e  m e c h a n i s m  o f  t h e  l i t h i u m  e s t e r  
e n o l a t e / i m i n e  c o n d e n s a t i o n  i s  a p p a r e n t l y  s t r a i g h t f o r w a r d  
e n o u g h  ( a  c h a i r - l i k e  t r a n s i t i o n  s t a t e  i n v o l v i n g  l i t h i u m  
c o m p l e x a t i o n  h a s  b e e n  p r o p o s e d  f o r  t h e  i n i t i a l  b o n d  
f o r m a t i o n )  t h a t  o f  t h e  k e t e n e / i m i n e  c y  c l o a d d i t i o n s  
r e m a i n s ,  d e s p i t e  c o n s i d e r a b l e  i n  v e s t i g a t i o n , a p o i n t  o f  
s o m e  c o n t e n t i o n .  I t  i s  g e n e r a l l y  a g r e e d  t h a t ,  w i t h  a 
f e w  e x c e p t i o n s ^  t h e  r e a c t i o n  p r o c e e d s  v i a  a 
z w i t t e r i o n i c  i n t e r m e d i a t e  s u c h  a s  ( 1 4 5 )  o r  ( 1 4 6 ) .  
I n d e e d ,  s e v e r a l  s p e c i e s  o f  t h i s  t y p e  h a v e  b e e n  
s u c c e s s f u l l y  t r a p p e d  u n d e r  t h e  n o r m a l  c o n d i t i o n s  o f  t h e  
r e a c t i o n .  F o r  e x a m p l e ,  w h e n  P a l o m o  a n d  c o - w o r k e r s
r e a c t e d ^ ®  k e t e n e  ( 1 4 7 ) ,  d e r i v e d  f r o m  p h e n o x y  a c e t i c  a c i d ,  
w i t h  h y d r o x y i m i n e  ( 1 4 8 ) ,  o x a z o l i d i n e  ( 1 4 9 )  w a s  i s o l a t e d  
in  9 0 %  y i e l d .  P r e s u m a b l y  c o m p o u n d  ( 1 4 9 )  w a s  f o r m e d  by  
c y c l i c  a t i o n  o f  t h e  p r o p o s e d  i n t e r m e d i a t e  ( 1 5 0 ) .  
S i m i l a r l y ,  w o r k e r s  a t  C i b a - G e i g y  s h o w e d ^ *  t h a t  r e a c t i o n  
o f  d i c h l o r o k e t e n e  ( 1 5 1 )  w i t h  b e n z y l i d e n e a n i l i n e  ( 1 5 2 )  
u s i n g  s u l p h u r  d i o x i d e  as  a s o l v e n t ,  g a v e  5 , 5 - d i c h l o r o -  
4 - o x o -  1 , 3 - t h i a z o l i d i n e - 1 , 1  - d i o x i d e  ( 1 5 3 )  i n  8 1 %  y i e l d .
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T h e  o b s e r v e d  p r o d u c t  c a n  b e  r a t i o n a l i s e d  i n  t e r m s  o f  
s u l p h u r  d i o x i d e  i n s e r t i o n  i n t o  a z w i t t e r i o n i c  
i n t e r m e d i a t e  a n a l o g o u s  t o  ( 1 4 5 ) .
W h e n  t h e  k e t e n e  c o m p o n e n t  i s  g e n e r a t e d  i n  s i t u  
f r o m  t h e  a c i d  c h l o r i d e  ( o r  s o m e  f o r m  o f  a c t i v a t e d  a c i d ) ,  
t h e  z w i t t e r i o n i c  i n t e r m e d i a t e  m a y  r e s u l t  f r o m  d i r e c t  
a c y l a t i o n  o f  t h e  i m i n e  b y  t h e  a c t i v a t e d  a c i d ,  f o l l o w e d  
b y  b a s e  i n d u c e d  p r o t o n  a b s t r a c t i o n .
T h e  m o s t  p u z z l i n g  a s p e c t  o f  t h e  k e t e n e / i m i n e  
c y c 1 o a d d i t i o n i s  i t s  s t e r e o c h e m i c a l  o u t c o m e .  
D e p e n d i n g  o n  t h e  n a t u r e  o f  t h e  s u b s t i t u e n t s  o n  t h e  
k e t e n e  a n d  t h e  i m i n e ,  t h e  p r o d u c t  m a y  b e  e n t i r e l y  c i s -
3 , 4 - d i s u b s t i t u t e d ,  e n t i r e l y  t r a n s  - 3 , 4 - d i s u b s t i t u t e d ,  o r  
a m i x t u r e  o f  t h e  t w o .
T h e  e x p l a n a t i o n  w h i c h  s e e m s  t o  f i t  a l l  o f  t h e
5 2o b s e r v e d  r e s u l t s  m o s t  s a t i s f a c t o r y  i s  t h a t  o f f e r e d  b y  
M o o r e .  I t  i s  a s s u m e d  t h a t  d i p o l a r  i n t e r m e d i a t e s  ( 1 4 5 )
a n d  ( 1 4 6 )  c y c l i s e  t o  a z e t i d i n o n e s  i n  a p r o c e s s  w h i c h  is  
s t r i c t l y  c o n r o t a t o r y  ( a s  p r e d i c t e d  u n d e r  W o o d w a r d -  
H o f f m a n  r u l e s ,  i f  t h e  c y c l i s a t i o n  i s  t a k e n  to  i n v o l v e  2 
e l e c t r o n  p a i r s ) .  T h u s  a c y c l i c  E - i m i n e s  ( 1 5 4 )  r e a c t
w i t h  k e t e n e s  ( 1 5 5 )  t o  g i v e  i n t e r m e d i a t e s  t o  t y p e  ( 1 4 5 ) ;  
s p o n t a n e o u s  c y c l i s a t i o n  y i e l d s  c i s  P - l a c t a m s  ( 1 5 6 )  o n l y .  
C o n v e r s e l y ,  c y c l i c  Z  i m i n e s  ( 1 5 7 )  w i l l  y i e l d  t r a n s  p -  
l a c t a m s  ( 1 5 8 )  b y  c o n r o t a t o r y  c l o s u r e  o f  i n t e r m e d i a t e s  
( 1 4 6 ) .  I f ,  h o w e v e r ,  t h e  i m i n e  s u b s t i t u e n t  R i s
d e l o c a l i s i n g  t h e n  t h e  i m i n i u m  c a r b o n  i n  ( 1 4 5 )  o r  ( 1 4 6 )  
i s  p a r t i c u l a r l y  a c t i v a t e d  t o w a r d s  n u c l e o p h i l i c  a t t a c k .  
T h u s  a n y  n u c l e o p h i l i c  s p e c i e s  p r e s e n t  i n  t h e  s y s t e m  ( f o r
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e x a m p l e  c h l o r i d e  i o n s )  c a n  a t t a c k  ( 1 4 5 )  o r  ( 1 4 6 )  t o  g i v e  
a s p e c i e s  o f  t y p e  ( 1 5 9 ) .  I n t e r m e d i a t e  ( 1 5 9 )  c a n  a l l o w  
e i t h e r  r e v e r s i b l e  i n t e r c o n v e r s i o n  o f  z w i t t e r i o n s  ( 1 4 5 )  
a n d  ( 1 4 6 )  o r  i t  c a n  c l o s e  d i r e c t l y  to t h e  P - l a c t a m .  I n
e i t h e r  c a s e  a m i x t u r e  o f  c i s - a n d  t r a n s -  p - l a c t a m s  w i l l
r e s u l t ,  n o r m a l l y  w i t h  t h e  t h e r m o d y n a m i c a l l y  m o r e  s t a b l e
t r a n s - i s o m e r  p r e d o m i n a t i n g .  T h u s ,  f o r  e x a m p l e , i m i n e  s
l  e
w i t h  R — p h e n y l  g i v e  J t h e  m o r e  s t a b l e  t r a n s - p r o d u c t
o n l y  o r  a m i x t u r e ,  w i t h  t h e  t r a n s - i s o m e r  p r e d o m i n a t i n g .
S i m i l a r l y ,  i f  t h e  i m i n e  R s u b s t i t u e n t  i s  c a p a b l e  
o f  d o n a t i n g  a l o n e  p a i r  t o  s t a b i l i s e  i n t e r m e d i a t e  ( 1 4 5 )
o r  ( 1 4 6 )  t h e n  t h e  b a r r i e r  t o  b o n d  r o t a t i o n  a b o u t  t h e  
i m i n i u m  b o n d  i s  c o n s i d e r a b l y  r e d u c e d  s i n c e  i t  h a s  
d i m i n i s h e d  T T - c h a r a c t e r ,  a n d  i n t e r c o n v e r s i o n  o f  t h e  t w o
i s  p o s s i b l e .  F o r  e x a m p l e ,  i m i n e  ( 1 6 0 )  r e a c t s ^  w i t h  
k e t e n e  ( 1 6 1 )  t o  g i v e  o n l y  t h e  m o r e  s t a b l e  t r a n s  - P-  
l a c t a m  ( 1 6 2 ) ,  p r e s u m a b l y  b y  i n t e r c o n v e r s i o n  o f  t h e  t w o
z w i t t e r i o n s  ( 1 6 3 )  a n d  ( 1 6 4 )  b y  s i m p l e  b o n d  r o t a t i o n ,  as  
s h o w n .
M o o r e ’ s e x p l a n a t i o n  m a y  n o t  b e  t h e o r e t i c a l l y  
r i g o r o u s .  I t  h a s ,  n e v e r t h e l e s s ,  b e e n  r e m a r k a b l y
s u c c e s s f u l  i n  e x p l a i n i n g  t h e  s t e r e o c h e m i c a l  o u t c o m e  o f
k e t e n e / i m i n e  c y  c l o a d d i t i o n s .
A s  r e v e a l e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  t h e s i s ,  a 
c o n s i d e r a b l e  a m o u n t  o f  w o r k  h a s  a l r e a d y  b e e n  c a r r i e d  o u t  
o n  a s y m m e t r i c  s y n t h e s i s  o f  p - l a c t a m s .  M o s t  e m p h a s i s  
h a s  b e e n  p l a c e d  o n  t h e  r e a c t i o n  o f  h o m o c h i r a l  l i t h i u m
e s t e r  e n o l a t e s  a n d ,  t o  a l e s s e r  e x t e n t ,  o f  h o m o c h i r a l
k e t e n e s  w i t h  a c h i r a l  i m i n e s .
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A n y  w o r k  w h i c h  h a s  b e e n  c a r r i e d  o u t  u s i n g  
h o m o c h i r a l  i m i n e s  h a s  r e l i e d  h e a v i l y  o n  t h e  u s e  o f  
i m i n e s  d e r i v e d  f r o m  s u i t a b l y  p r o t e c t e d  a m i n o  a c i d s .  As  
a c o n s e q u e n c e  t h e s e  i m i n e s  ( 1 6 5 )  h a v e  h a d  t h e i r  
c h i r a l i t y  l o c a t e d  o n  t h e  t e t r a h e d r a l  c a r b o n  a d j a c e n t  t o  
t h e  i m i n e  n i t r o g e n .  I n  g e n e r a l  s u c h  i m i n e s  h a v e
9 a
r e a c t e d  w i t h  l i t t l e  o r  n o  d i a s t e r e o s e l e c t i v i t y . T w o
n o t a b l e  e x c e p t i o n s  t o  t h i s  g e n e r a l i s a t i o n  i n v o l v e  t h e  
r e a c t i o n  o f  ( - ) - s e r i n e  d e r i v e d  i m i n e  ( 1 6 6 )  a n d  o f  ( + )-  
t h r e o n i n e  d e r i v e d  i m i n e  ( 1 6 7 )  w i t h  t h e  k e t e n e
g e n e r a t e d  f r o m  a z i d o a c e t y l  c h l o r i d e .  A s  d e s c r i b e d
p r e v i o u s l y  ( p .  8 ) ,  t h e s e  t w o  r e a c t i o n s  p r o c e e d  w i t h
d . e . s  o f  1 0 0 % a n d  8 0 % r e s p e c t i v e l y .  W h y  t h e s e  t w o  
i m i n e s  s h o u l d  r e a c t  w i t h  k e t e n e s  i n  s u c h  a h i g h l y  
d i a s t e r e o s e l e c t i v e  f a s h i o n  w h e r e a s  m o s t  o t h e r  a m i n o  a c i d  
d e r i v e d  i m i n e s  r e a c t  w i t h  l i t t l e  o r  n o  s e l e c t i v i t y  i s  
n o t  o b v i o u s .  O n e  c l e a r  r e l a t i o n s h i p  b e t w e e n  i m i n e s
( 1 6 6 )  a n d  ( 1 6 7 )  i s  t h a t  b o t h  a r e  d e r i v e d  f r o m  a m i n e s  
w i t h  a p r o t e c t e d  o x y g e n  s e p a r a t e d  b y  t w o  c a r b o n  a t o m s  
f r o m  t h e  n i t r o g e n .  I t  i s  c o n c e i v a b l e  t h a t  t h e  p r e s e n c e  
o f  a s u i t a b l y  p r o t e c t e d  o x y g e n  i n  t h i s  p o s i t i o n  p r o v i d e s  
s o m e  i n t e r a c t i o n  b y  w h i c h  t h e  e n e r g y  d i f f e r e n c e  b e t w e e n  
t h e  t w o  p o s s i b l e  d i a s t e r e o i s o m e r i c  t r a n s i t i o n  s t a t e s  
l e a d i n g  f o r  e x a m p l e ,  t o  P - l a c t a m  ( 1 6 8 ) ,  i s  g r e a t l y  
i n c r e a s e d .  [ O n e  p o s s i b l e  m e c h a n i s m  i n v o l v e s  a p s e u d o  
b i c y c l i c  t r a n s i t i o n  s t a t e  s u c h  a ( 1 6 9 ) .  E v i d e n c e  f o r
t h e  p l a u s i b i l i t y  o f  s u c h  a t r a n s i t i o n  s t a t e  c a n  b e  s e e n  
i n  t h e  f o r m a t i o n  o f  o x a z o l i d i n e  ( 1 4 9 ) ,  d i s c u s s e d  o n  
P ( 1 8 ) ] .
I t  m a y  a l s o  b e  p o s s i b l e  t o  o b t a i n  o p t i c a l l y
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e n r i c h e d  p - l a c t a m s  u s i n g  a s i m i l a r  i n t e r a c t i o n  b u t  w i t h  
t h e  c h i r a l  c e n t r e  l o c a t e d ,  f o r  e x a m p l e ,  o n  t h e  s a m e  
c a r b o n  a s  t h e  p r o t e c t e d  o x y g e n  ( i . e .  o n  t h e  s e c o n d  
c a r b o n  a t o m  f r o m  t h e  n i t r o g e n ) .  T o  i n v e s t i g a t e  t h i s
p o s s i b i l i t y ,  a n  a m i n e  w a s  r e q u i r e d  w h i c h  p o s s e s s e d  a 
c h i r a l  c e n t r e  a n d  a n  o x y g e n  i n  s u c h  a p o s i t i o n .  A n
a m i n e  w h i c h  f u l f i l s  b o t h  r e q u i r e m e n t s ,  a n d  w h i c h  i s  
a v a i l a b l e 5 5  i n  h o m o c h i r a l  f o r m ,  i s  t h e  a c e t o n i d e  a m i n e  
( 1 7 0 ) .
A c e t o n i d e  ( 1 7 0 )  s h o u l d  y i e l d  i m i n e s  o f  t y p e  ( 1 7 1 )  
a n d  h e n c e  P - l a c t a m s  ( 1 7 2 ) .  S u c h  a z e t i d i n o n e s  h a v e
o b v i o u s  s y n t h e t i c  p o t e n t i a l  : h y d r o l y t i c  r e m o v a l  o f  t h e
a c e t o n i d e ,  f o l l o w e d  b y  o x i d a t i v e  c l e a v a g e  o f  t h e  
r e s u l t i n g  d i o l  w o u l d  y i e l d  2 - o x o - 1 - a z e t i d i n e a c e t i c  a c i d  
d e r i v a t i v e s  ( 1 7 3 ) .
S u c h  c o m p o u n d s  a r e  p o t e n t i a l  p r e c u r s o r s  o f  a w i d e  
r a n g e  o f  u s e f u l  b i c y c l i c  p - l a c t a m s .  P h o t o c h e m i c a l
t r e a t m e n t  o f  c o m p o u n d s  ( 1 7 3 )  w i t h  N - b r o m o s u c c i n i m i d e  
y i e l d s 5 ** t h e  c o r r e s p o n d i n g  a - b r o m o e s t e r s  ( 1 7 4 ) .  T h e s e ,  
u p o n  t r e a t m e n t  w i t h  t r i p h e n y l p h o s p h i n e  f o l l o w e d  b y  b a s e
<7
g i v e  p h o s p h o n i u m  y l i d s  ( 1 7 5 ) .  T h e s e  h a v e  b e e n  u s e d  
e x t e n s i v e l y  t o  s y n t h e s i s e  b i c y c l i c  p - l a c t a m s ,  r e l y i n g  o n  
a n  i n t r a m o l e c u l a r  W i t t i g  r e a c t i o n  f o r  t h e  f o r m a t i o n  o f  
t h e  s e c o n d  r i n g .  T h e  c y  c l i s a t i o n 5 ® o f  m o n o c y c l i c  p -  
l a c t a m s  ( 1 7 6 ) ,  ( 1 7 7 ) ,  ( 1 7 8 )  a n d  ( 1 7 9 )  t o  b i c y c l i c
c o m p o u n d s  ( 1 8 0 ) ,  ( 1 8 1 ) ,  ( 1 8 2 )  a n d  ( 1 8 3 )  r e s p e c t i v e l y
i l l u s t r a t e  t h e  v e r s a t i l i t y  o f  t h i s  a p p r o a c h .
2 - O x o - 1 - a z e t i d i n e a c e t i c  a c i d  e s t e r s  ( 1 7 3 )  h a v e  
a l s o  b e e n  u s e d  d i r e c t l y  i n  t h e  s y n t h e s i s  o f  b i c y c l i c  p -
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l a c t a m s ,  u t i l i s i n g  a n  a l d o l  a p p r o a c h  t o  e s t a b l i s h  t h e  
s e c o n d  r i n g .  F o r  e x a m p l e ,  m o n o c y c l i c  p - l a c t a m s  ( 1 8 4 )  
a n d  ( 1 8 5 )  h a v e  b e e n  c o n v e r t e d ^  i n t o  t h e  b i c y c l i c  
c o m p o u n d s  ( 1 8 6 ) ,  ( 1 8 7 )  a n d  ( 1 8 8 )  r e s p e c t i v e l y ,  u s i n g
t h i s  m e t h o d o l o g y .
T h e  a b i l i t y  o f  e s t e r s  ( 1 7 3 )  t o  f o r m  e s t e r  e n o l a t e s
( 1 8 9 )  o n  t r e a t m e n t  w i t h  s t r o n g  b a s e  h a s  b e e n  f u r t h e r  
e x p l o i t e d  i n  a n u m b e r  o f  s y n t h e s e s  o f  b i o l o g i c a l l y  
a c t i v e  p - l a c t a m s .  F o r  e x a m p l e ,  l i t h i u m  e s t e r  e n o l a t e
( 1 9 0 )  r e a c t e d * ’® w i t h  b u t - 3 - y n - 2 - o n e  t o  g i v e  l a c t a m ( 1 9 1 ) .  
T h i s  u n d e r w e n t  a t h e r m a l ,  i n t r a m o l e c u l a r  [3  + 2]  d i p o l a r  
c y c l o a d d i t i o n  b e t w e e n  t h e  a z i d o  g r o u p  a n d  t h e  a l k y n e  to 
y i e l d  t h e  n o v e l  t r i a z o l o - c e p h e m  ( 1 9 2 ) .  P - L a c t a m  ( 1 9 2 )  
w a s  r e a d i l y  c o n v e r t e d  i n t o  t h e  b r o a d  s p e c t r u m  a n t i b i o t i c  
( 1 9 3 ) .
T h e  f a c i l e  a - a l k y l a t i o n  a n d  a c y l a t i o n  o f  a c e t a t e  
e s t e r s  ( 1 7 3 )  h a s  a l s o  b e e n  e x p l o i t e d  i n ,  f o r  e x a m p l e ,  
t h e  s y n t h e s i s  o f  c l a v u l a n i c  a c i d  a n a l o g u e s * * *  a n d  n o v e l  
p e n e m  s t r u c t u r e s .
I t  w a s  t h u s  d e c i d e d  t o  p r e p a r e  a m i n e  ( 1 7 0 ) ,  a n d  
f r o m  i t  a r a n g e  o f  i m i n e s  ( 1 7 1 ) ,  t o  e x a m i n e  t h e  b e h a v i o r  
o f  t h e  l a t t e r  c o m p o u n d s  i n  a r a n g e  o f  e s t a b l i s h e d  p -  
l a c t a m  r i n g - f o r m i n g  p r o c e s s e s .  C l e a r l y ,  t h e  m o t i v a t i o n  
f o r  s u c h  a s t u d y  w a s  t w o f o l d .  N o t  o n l y  w a s  t h e r e  t h e  
p o s s i b i l i t y  o f  p r e p a r i n g  o p t i c a l l y  e n r i c h e d  p - l a c t a m s  
b u t  t h e r e  w a s  a l s o  t h e  p r o s p e c t  o f  t h e  r e s u l t i n g  
a z e t i d i n o n e s  h a v i n g  s i g n i f i c a n t  p o t e n t i a l  a s  p r e c u r s o r s  
o f  b i c y c l i c  p - l a c t a m s .
R1 r 1 OAc
0 NH
(201 )
R C O S
r I B 1
S C O R :
0 •NH
(205)
n 1 R 1  3
 s S  ^  A \
0 N r o 2 R N B
(207)
R^Rjf = ALKY L .
T D D M ' S O
OAc
(2 0 0 )
T D D K S O
S
A
S N q
n h c o 2 p n b
s
A
S  S '
n h c o 2 p n b
(2 04-)
P h O C H 2 O C N I - U
0
Q A c
( 1 9 9 )
Z n ( O A c ) 2
P h O C H 2 O C N H v   0 ^ ,
0
( 2 0 3 )
P h O C H 2 Q C N H .
0
0r
N
c o .
(20G)
T D D  M S O
H y  OAc
0 N H
(198)
S n O S C L C F
s  2  3
N S  
I I
E t
O M e S
AN S
l_____ i
E t
(2 0 2 )
0%)
(1 9 5 )
r-$ H H 0 . T / O A c
0 ■NR
(196)
(197)
24
O n e  p o i n t  w h i c h  r e q u i r e d  s o m e  c o n s i d e r a t i o n  w a s
s e l e c t i o n  o f  w h i c h  a l d e h y d e  t o  u s e  i n  t h e  f o r m a t i o n  o f  
i m i n e s  ( 1 7 1 ) .  I t  w a s  c l e a r l y  d e s i r a b l e  t h a t  t h e
a l d e h y d e  c h o s e n  s h o u l d  g i v e  a n  a z e t i d i n o n e  C - 4  
s u b s t i t u e n t  w h i c h  w a s  c o m p a t i b l e ,  i n  t e r m s  o f  b i c y c l i c  (3- 
l a c t a m  f o r m a t i o n ,  w i t h  t h e  t a r g e t e d  N_- a c e t i c  a c i d  
s u b s t i t u e n t .
O n e  o b v i o u s  c h o i c e  w a s  2 - m e t h y l - o c P - u n s a t u r a t e d  
a l d e h y d e s  s u c h  a s  2 - m e t h y l p e n t - 2 - e n a l  ( 1 9 4 )  ( r e a d i l y  
a v a i l a b l e * * ^  f r o m  p r o p a n a l  b y  a l d o l  c o n d e n s a t i o n ) .  
T h e s e  s h o u l d  f u r n i s h  P - l a c t a m s  w h i c h  o n  o z o n o l y s i s  
s h o u l d  g i v e  4 - a c e t y l a z e t i d i n o n e s  ( 1 9 5 ) .
T h e s e  s p e c i e s  y i e l d ^ ^  a f t e r  B a e y e r  V i l l i g e r
o x i d a t i o n ,  4 - a c e t o x y  P - l a c t a m s  ( 1 9 6 ) .  S u c h  c o m p o u n d s  
h a v e  b e e n  s h o w n  t o  h a v e  c o n s i d e r a b l e  s y n t h e t i c  p o t e n t i a l
i n  t h e  p r e s e n c e  o f  L e w i s  a c i d s  t h e y  r e a c t  w i t h  a r a n g e
o f  c a r b o n ,  o x y g e n  a n d  s u l p h u r  n u c l e o p h i l e s ,  v i a  t h e  
l o c a l l y  p l a n a r  c a t i o n  ( 1 9 7 )  ( s e e  a l s o  p . 1 7 ) .  F o r
e x a m p l e ,  4 - a c e t o x y  P - l a c t a m s  ( 1 9 8 ) ,  ( 1 9 9 ) ,  ( 2 0 0 )  a n d
( 2 0 1 )  r e a c t e d ^ ^ ’^ ® ^ ^  a s  s h o w n  t o  g i v e  a z e t i d i n o n e s
( 2 0 2 ) ,  ( 2 0 3 ) ,  ( 2 0 4 )  a n d  ( 2 0 5 ) .  A  n u m b e r  o f  t h e
n u c l e o p h i l e s  i n t r o d u c e d  u s i n g  t h i s  a p p r o a c h  h a v e  b e e n  
s u c c e s s f u l l y  c o n v e r t e d  i n t o  C - 4  s u b s t i t u e n t s  c o m p a t i b l e  
i n  t e r m s  o f  c y c l i s a t i o n ,  w i t h  a n  N  - a c e t i c  a c i d  
s u b s t i t u e n t .
F o r  e x a m p l e ,  t h e  p r o p a r g y l  e t h e r  ( 2 0 3 )  h a s  b e e n
< 7
c on v e r t e d * ^  i n t o  a w i d e  r a n g e  o f  k e t o n e s  ( 2 0 6 ) ,  s u i t a b l e  
f o r  f u r t h e r  c y c l i s a t i o n ,  e i t h e r  b y  a n  a l d o l  o r  a W i t t i g  
a p p r o a c h .  4 - T h i o e s t e r s  ( 2 0 5 )  h a v e  a l s o  b e e n  i n d u c e d  t o
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c y c l i s e 5 ^ * 5) t Q a n u m b e r  o f  p e n e m s  ( 2 0 7 )  as  d i s c u s s e d  on  
P ( 2 4 ) .
O n e  w e a k n e s s  o f  t h i s  a p p r o a c h  is  t h a t ,  b e c a u s e  t h e
d i s p l a c e m e n t  o f  a c e t a t e  p r o c e e d s  v i a  a l o c a l l y  p l a n a r  
i n t e r m e d i a t e  ( 1 9 7 ) ,  t h e  p r o d u c t s  a r e  u s u a l l y  o b t a i n e d  as
a m i x t u r e  o f  c i s - a n d  t r a n s  - P - l a c t a m s  w i t h  t h e  
t h e r m o d y n a m i c a l l y  m o r e  s t a b l e  t r a n s - i s o m e r  
p r e d o m i n a t i n g .  T h i s  i s  n o t  u s u a l l y  a p r o b l e m  i f  t h e  
s y n t h e t i c  t a r g e t s  a r e  c a r b a p e n e m s ,  s u c h  a s  t h i e n a m y c i n  
( 6 )  s i n c e  t h e  t r a n s  - s u b s t i t u t e d  l a c t a m  i s  i n d e e d  t h e  
d e s i r e d  i s o m e r .
F o r  t h e  s y n t h e s i s  o f  c i s - s u b s t i t u t e d  P - l a c t a m s  
s u c h  a s  p e n i c i l l i n s  o r  c e p h a l o s p o r i n s  a n d  t h e i r  
a n a l o g u e s ,  o n  t h e  o t h e r  h a n d ,  t h e  r e a c t i o n  c o n d i t i o n s
m u s t  b e  o p t i m i s e d  t o  o b t a i n  t h e  b e s t  y i e l d  o f  t h e  
d e s i r e d  c i s - s u b s t i t u t e d  l a c t a m .  T h u s ,  f o r  e x a m p l e
c o n v e r s i o n  o f  4 - a c e t o x y  p - l a c t a m  ( 2 0 8 a )  t o  c i s -
p r o p a r g y l i c  e t h e r  ( 2 0 9 )  h a s  b e e n  a c h i e v e d  v i a  t h e  4 -  
c h l o r o  c o m p o u n d  ( 2 0 8 b ) .  W h e n  z i n c  c h l o r i d e  i s  u s e d  to  
c a t a l y s e  t h e  s u b s e q u e n t  n u c l e o p h i l i c  s u b s t i t u t i o n  o n  
( 2 0 8 b )  t h e  c i s  : t r a n s  r a t i o  i s  a f a i r l y  r e s p e c t a b l e
2 : 1 .  S t a n n o u s  c h l o r i d e  a n d  s i l v e r  t e t r a f l u o r o b o r a t e
g i v e  i n f e r i o r  r a t i o s  o f  3 : 2  a n d  1 :1  r e s p e c t i v e l y .
T h e  i n i t i a l  t a r g e t  c o m p o u n d  w a s  t h u s  i m i n e  ( 2 1 0 ) ,  
w h i c h  s h o u l d  b e  a v a i l a b l e  f r o m  a m i n e  ( 1 7 0 )  a n d  a l d e h y d e  
( 1 9 4 ) .  T h e  d e s i r e d  a m i n e  ( 1 7 0 )  w a s  a v a i l a b l e 55  f r o m
2 , 3 - g l y c e r o l  a c e t o n i d e  ( 2 1 1 ) .  H o m o c h i r a l  a l c o h o l  ( 2 1 1 )  
w a s  p r e p a r e d  f r o m  D - m a n n i t o l  u s i n g  t h e  p r o c e d u r e  o f
H 7B a e r . '  T h i s  i n v o l v e d  z i n c  c h l o r i d e  c a t a l y s e d
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f o r m a t i o n  o f  t h e  b i s a c e t o n i d e ,  f o l l o w e d  b y  c l e a v a g e  o f  
t h i s  d i o l  u s i n g  a q u e o u s  s o d i u m  p e r i o d a t e ,  a n d  f i n a l l y  
i n  s i t u  r e d u c t i o n  w i t h  s o d i u m  b o r o h y d r i d e  o f  t h e  ( + ) -  
g l y c e r a l d e h y d e  a c e t o n i d e  t h u s  g e n e r a t e d .  T h i s  g a v e  ( + )-
2 , 3 - g l y c e r o l  a c e t o n i d e  i n  a n  o v e r a l l  y i e l d  o f  7 9 % .
R a c e m i c  a l c o h o l  ( 2 1 1 )  w a s  a l s o  r e a d i l y  p r e p a r e d  
i n  m u l t i g r a m  q u a n t i t i e s  b y  t h e  p _ - t o l u e n e s u l p h o n i c  a c i d  
c a t a l y s e d  r e a c t i o n  b e t w e e n  g l y c e r o l  a n d  a c e t o n e ,  u s i n g  a 
D e a n  a n d  S t a r k  a p p a r a t u s .  S i n c e  t h i s  r e a c t i o n
f u r n i s h e d  l a r g e  q u a n t i t i e s  o f  r a c e m i c  a l c o h o l  ( 2 1 1 )  b o t h  
c h e a p l y  a n d  q u i c k l y  a l l  s u b s e q u e n t  i n v e s t i g a t i o n s  i n t o  
t h e  P - l a c t a m  f o r m i n g  r e a c t i o n s  o f  i m i n e s  ( 1 7 1 )  w e r e
c a r r i e d  o u t  u s i n g  r a c e m i c  m a t e r i a l .
R a c e m i c  a l c o h o l  ( 2 1 1 )  w a s  t h e n  c o n v e r t e d ^  i n t o  
i t s  p _ - t o l u e n e s u l p h o n a t e  e s t e r  i n  g o o d  y i e l d  ( 8 9 % ) .
R e a c t i o n  o f  t h i s  c o m p o u n d  w i t h  l i q u i d  a m m o n i a  i n  a 
s e a l e d  t u b e  f o r  96  h o u r s  g a v e  t h e  d e s i r e d  a m i n e  ( 1 7 0 )  i n  
5 3 %  y i e l d .
I n  a n  a t t e m p t  t o  f i n d  a h i g h e r  y i e l d i n g  a n d  l e s s
t i m e  c o n s u m i n g  s y n t h e s i s  o f  a m i n e  ( 1 7 0 ) ,  a M i t s u n o b u  
m o d i f i e d  G a b r i e l  s y n t h e s i s * * ^  w a s  a t t e m p t e d .  R e a c t i o n  
o f  a l c o h o l  ( 2 1 1 )  w i t h  p h t h a l i m i d e ,  i n  t h e  p r e s e n c e  o f  
t r i p h e n y  l p h o s p h i n e  a n d  D E A D  g a v e  N _ - a l k y  l p h t h a l i m i d e  
( 2 1 2 )  i n  9 1 %  y i e l d .
C l e a v a g e  o f  c o m p o u n d  ( 2 1 2 )  u s i n g  h y d r a z i n e  i n  
r e f l u x i n g  m e t h a n o l  p r o v e d  u n s a t i s f a c t o r y ,  d u e  t o  t h e  
v o l a t i l i t y  o f  t h e  p r o d u c t  a m i n e  ( 1 7 0 ) .  E v e n  w h e n  t h e
m e t h a n o l  w a s  r e m o v e d  b y  c a r e f u l  d i s t i l l a t i o n  t h e  d e s i r e d
(210 )
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p r o d u c t  ( 1 7 0 )  c o u l d  b e  i s o l a t e d  i n  o n l y  3 5 %  y i e l d .
T o  o v e r c o m e  t h i s  p r o b l e m ,  c l e a v a g e  w a s  c a r r i e d  o u t  
u s i n g  m e t h y l h y d r a z i n e  i n  d i c h l o r o m e t h a n e .  T h i s  a l l o w e d  
i s o l a t i o n  o f  t h e  d e s i r e d  a m i n e  ( 1 7 0 )  i n  9 3 %  y i e l d  f r o m  
p h t h a l i m i d e  ( 2 1 2 ) .  T h e  o v e r a l l  y i e l d  o f  8 5 %  f r o m
a l c o h o l  ( 2 1 1 )  r e p r e s e n t s  a c o n s i d e r a b l e  i m p r o v e m e n t  o n  
l i t e r a t u r e  m e t h o d s .
( E ) - 2 - M  e t h y 1 p e n t - 2 - e n a 1 ( 1 9 4 )  w a s  r e a d i l y
p r e p a r e d * * ^  b y  a l d o l  s e l f - c o n d e n s a t i o n  o f  p r o p a n a l .  I t
w a s  t h e n  c o n d e n s e d  w i t h  a m i n e  ( 1 7 0 )  b y  s t i r r i n g  t h e  t w o  
c o m p o n e n t s  i n  d i e t h y l  e t h e r  o v e r  p o t a s s i u m  c a r b o n a t e .  
D i s t i l l a t i o n  o f  t h e  c r u d e  p r o d u c t  y i e l d e d  i m i n e  ( 2 1 0 )  i n  
g o o d  y i e l d  ( 9 1 % ) .
I m i n e  ( 2 1 0 )  t h u s  p r e p a r e d  w a s  t h e n  s u b j e c t e d  t o  a
s e r i e s  o f  j i - l a c t a m  f o r m i n g  r e a c t i o n s  t o  e s t a b l i s h  i t s
p o t e n t i a l  i n  a s y m m e t r i c  p - l a c t a m  s y n t h e s i s .  R e a c t i o n
w i t h  p h e n  o x y a c e t i c a c i d  i n  t h e  p r e s e n c e  o f
p h e n y l  d i c h l o r o p h o s p h a t e  a n d  t r i e t h y l a m i n e ^ ®  g a v e  c i s  -
a z e t i d i n o n e  ( 2 1 3 )  i n  8 3 %  y i e l d .  N o  t r a c e  o f  t r a n s -
1 13l a c t a m  w a s  d e t e c t e d .  H a n d  X J C  N M R  s p e c t r o s c o p y
c l e a r l y  s h o w e d  t h a t  ( 2 1 3 )  w a s  i n  f a c t  a m i x t u r e  o f  t w o  
d i a s t e r e o i s o m e r s  p r e s e n t  i n  a r a t i o  o f  a p p r o x i m a t e l y  
1 . 4 5 : 1 .  C a p i l l a r y  G . C .  s u c c e s s f u l l y  s e p a r a t e d  t h e  t w o  
c o m p o u n d s  a n d  c o n f i r m e d  t h e  a b o v e  r a t i o ,  w h i c h  
c o r r e s p o n d s  t o  a d . e .  o f  1 8 % .
T h i s  p o o r  l e v e l  o f  a s y m m e t r i c  i n d u c t i o n  w a s  
d i s a p p o i n t i n g  b u t  i t  w a s  h o p e d  t h a t  i m i n e  ( 2 1 0 )  w o u l d  
r e a c t  i n  a m o r e  s e l e c t i v e  f & s h i o n  w i t h  a d i f f e r e n t
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k e t e n e .
T h e r e f o r e ,  t h e  D a n e  s a l t  ( 2 1 4 )  d e r i v e d  f r o m  e t h y l
V 0a c e t o a c e t a t e  a n d  g l y c i n e ,  w a s  p r e p a r e d  a n d  r e a c t e d  
w i t h  i m i n e  ( 2 1 0 ) ,  a g a i n  u s i n g  p h e n y l  d i c h l o r o p h o s p h a t e  
a n d  t r i e t h y l a m i n e ,  t o  g i v e  t h e  p r o t e c t e d  3 - a m i n o a z e t i d -  
i n o n e  ( 2 1 5 )  i n  e x c e l l e n t  y i e l d  ( 8 7 % ) ;  o n l y  t h e  c i s - 
i s o m e r  w a s  o b s e r v e d .
C l o s e  i n s p e c t i o n  o f  l a c t a m  ( 2 1 5 )  by  *H a n d  N M R
s p e c t r o s c o p y  s h o w e d  t h a t  i t  w a s  a m i x t u r e  o f  
d i a s t e r e o i s o m e r s . C a p i l l a r y  G . C .  c o n f i r m e d  t h i s  a n d
a l l o w e d  s e p a r a t i o n  o f  t h e  t w o  c o m p o u n d s  s h o w i n g  t h e m  to 
be  p r e s e n t  i n  a r a t i o  o f  1 . 7 0 : 1  ( d . e .  2 6 % ) .
O n c e  a g a i n  t h e  o b s e r v e d  l e v e l  o f  a s y m m e t r i c  
i n d u c t i o n  w a s  d i s a p p o i n t i n g .  I n  a f i n a l  a t t e m p t  t o
a c h i e v e  s o m e  r e s p e c t a b l e  d e g r e e  o f  c h i r a l  i n d u c t i o n  
u s i n g  i m i n e  ( 2 1 0 ) ,  t h e  l i t h i u m  e s t e r  e n o l a t e  f r o m  meft iyl  
2 - m e t h y l p r o p i o n a t e  w a s  p r e p a r e d  a n d  r e a c t e d  w i t h  
c o m p o u n d  ( 2 1 0 ) .  S u r p r i s i n g l y ,  t h i s  y i e l d e d  n o  p -
l a c t a m .  I n s t e a d  o n l y  a l d e h y d e  ( 1 9 4 )  ( 1 2 % )  a n d  a n o t h e r  
c o m p o u n d  ( 7 7 % )  w e r e  p r o d u c e d .  E n a l  ( 1 9 4 )  w a s  a l m o s t  
c e r t a i n l y  g e n e r a t e d  b y  h y d r o l y s i s  o f  u n r e a c t e d  s t a r t i n g  
m a t e r i a l  d u r i n g  t h e  a c i d i c  w o r k  u p .  T h e  s e c o n d  p r o d u c t  
w a s  e v e n t u a l l y  c h a r a c t e r i s e d  a s  d i h y  d r o p y r i d o n e  ( 2 1 6 ) .  
T h i s  i s  c l e a r l y ,  i n  r e t r o s p e c t ,  t h e  p r o d u c t  o f  M i c h a e l  
a d d i t i o n  o f  t h e  e s t e r  e n o l a t e  t o  i m i n e  ( 2 1 0 ) ,  f o l l o w e d  
by  l a c t a m i s a t i o n .  P y r i d o n e  ( 2 1 6 )  w a s  p r o d u c e d  as  a 2 :1  
m i x t u r e  o f  d i a s t e r e o i s o m e r s  ( b y  N M R  s p e c t r o s c o p y  a n d  by  
c a p i l l a r y  G . C ) .
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A l t h o u g h  i m i n e  ( 2 1 0 )  h a d  y i e l d e d  s e v e r a l  
s y n t h e t i c a l l y  i n t e r e s t i n g  a z e t i d i n o n e s  i t s  p e f o r m a n c e  
w i t h  r e s p e c t  t o  a s y m m e t r i c  P - l a c t a m  s y n t h e s i s  w a s  r a t h e r  
d i s a p p o i n t i n g .  I t  w a s  t h e r e f o r e  d e c i d e d  t o  p r e p a r e  a
s e c o n d  i m i n e  f r o m  a m i n e  ( 1 7 0 )  t o  e s t a b l i s h  w h e t h e r
i m i n e s  d e r i v e d  f r o m  t h i s  c o m p o u n d  w e r e  g e n e r a l l y
i n e f f e c t i v e  i n  y i e l d i n g  o p t i c a l l y  e n r i c h e d  p - l a c t a m s  o r  
w h e t h e r ,  b y  a l t e r i n g  t h e  a l d e h y d e  u s e d  t o  p r e p a r e  t h e  
i m i n e ,  i t  w o u l d  b e  p o s s i b l e  t o  i m p r o v e  s i g n i f i c a n t l y  t h e
d i s a p p o i n t i n g  l e v e l s  o f  d i a s t e r e o s e l e c t i v i t y  s o  f a r  
o b s e r v e d .
T h u s  a m i n e  ( 1 7 0 )  w a s  c o n d e n s e d  w i t h  f r e s h l y  
d i s t i l l e d  f u r f u r a l d e h y d e , b y  s t i r r i n g  t h e  t w o  t o g e t h e r  
i n  e t h e r ,  o v e r  p o t a s s i u m  c a r b o n a t e ,  t o  g i v e ,  a f t e r
p u r i f i c a t i o n  b y  d i s t i l l a t i o n ,  c o m p o u n d  ( 2 1 7 )  i n  9 8 %  
y i e l d .  T h i s  h o m o c h i r a l  i m i n e  w a s  s u b j e c t e d  t o  t h e
s a m e  t h r e e  P - l a c t a m  f o r m i n g  r e a c t i o n s  t h a t  h a d  b e e n  
c a r r i e d  o u t  o n  i m i n e  ( 2 1 0 ) .  T h u s  r e a c t i o n  w i t h  t h e  
k e t e n e  f r o m  p h e n o x y  a c e t i c  a c i d  g a v e  c i s - P - l a c t a m  ( 2 1 8 ) ;  
r e a c t i o n  w i t h  t h e  k e t e n e  d e r i v e d  f r o m  D a n e  s a l t  ( 2 1 4 )
g a v e  c i s - 3 - a m i n o  P - l a c t a m  ( 2 1 9 )  a n d  r e a c t i o n  t h e  l i t h i u m  
e s t e r  e n o l a t e  f r o m  m e t h y l  2 - m e t h y l p r o p i o n a t e  g a v e  a 
m i x t u r e  o f  f u r f u r a l d e h y  d e  ( 1 4 % )  a n d  3 , 3 - d i m e t h y l  P -  
l a c t a m  ( 2 2 0 )  ( 6 8 % ) .
L a c t a m s  ( 2 1 8 ) ,  ( 2 1 9 )  a n d  ( 2 2 0 )  w e r e  s h o w n  b y  N M R  
s p e c t r o s c o p y  a n d  c a p i l l a r y  G . C .  t o  b e  m i x t u r e s  o f  
d i a s t e r e o i s o m e r s  w i t h  d . e ’ s o f  1 8 % ,  2 4 %  a n d  2 2 %
r e s p e c t i v e l y .
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T h e  p o o r  l e v e l s  o f  a s y m m e t r i c  i n d u c t i o n  
o b s e r v e d  i n  t h e s e  r e a c t i o n s  o f  i m i n e s  ( 2 1 0 )  a n d  ( 2 1 7 )  
s u g g e s t e d  t h a t  h o m o c h i r a l  a m i n e  ( 1 7 0 )  w a s  n o t  a 
p r o m i s i n g  s t a r t i n g  m a t e r i a l  f o r  t h e  a s y m m e t r i c  s y n t h e s i s  
o f  P - l a c t a m s .  H o w e v e r ,  i m i n e s  ( 2 1 0 )  a n d  ( 2 1 7 )  h a d
c l e a r l y  y i e l d e d  a n u m b e r  o f  i n t e r e s t i n g  a z e t i d i n o n e s , 
w i t h  c o n s i d e r a b l e  p o t e n t i a l  as  p r e c u r s o r s  o f  b i c y c l i c  p -  
l a c t a m s .  A s  a r e s u l t ,  s o m e  t i m e  w a s  s p e n t
i n v e s t i g a t i n g  t h e  s y n t h e t i c  u s e f u l n e s s  o f  s o m e  o f  t h e s e  
c o m p o u n d s .
A z e t i d i n o n e  ( 2 1 3 )  w a s  c o n v e r t e d  i n t o  t h e  p o t e n t i a l
b i c y c l i c  p r e c u r s o r  ( 2 2 1 )  a s  f o l l o w s :  o z o n o l y s i s  o f
l a c t a m  ( 2 1 3 )  g a v e  m e t h y l  k e t o n e  ( 2 2 2 )  i n  g o o d  y i e l d  
( 9 1 % ) .  B a e y e r  V i l l i g e r  o x i d a t i o n  o f  k e t o n e  ( 2 2 2 )  u s i n g  
m C P B A  i n  r e f l u x i n g  b e n z e n e  g a v e  a c e t a t e  ( 2 2 3 )  i n  a y i e l d  
o f  8 7 % ,  w i t h  9 %  r e c o v e r y  o f  s t a r t i n g  m a t e r i a l .  A s
e x p e c t e d * * ^  t h i s  o x i d a t i v e  r e a r r a n g e m e n t  p r o c e e d e d  w i t h  
f u l l  r e t e n t i o n  o f  t h e  c i s  - s t e r e o c h e m i s t r y  i n  t h e  p - 
l a c t a m  r i n g .  T h e  a c e t o n i d e  p r o t e c t i n g  g r o u p  i n  a c e t a t e  
( 2 2 3 )  w a s  s u c c e s s f u l l y  r e m o v e d  b y  t r e a t m e n t  w i t h  8 0 %
a q u e o u s  a c e t i c  a c i d .  T h e  c r u d e  p r o d u c t ,  d i o l  ( 2 2 4 ) ,  w a s  
f u l l y  c h a r a c t e r i s e d  b y  c o n v e r s i o n  t o  i t s  t r i a c e t a t e  
( 2 2 5 )  b y  u s i n g  p y r i d i n e / a c e t i c  a n h y d r i d e .  p - L a c t a m
( 2 2 5 )  w a s  p r o d u c e d  i n  a n  o v e r a l l  y i e l d  o f  9 6 %  f r o m
a c e t o n i d e  ( 2 2 3 ) .  T h e  c i s - s t e r e o c h e m i s t r v  w a s  r e t a i n e d
t h r o u g h o u t  t h e s e  t r a n s f o r m a t i o n s .
C r u d e  d i o l  ( 2 2 4 ) ,  p r e p a r e d  a s  d e s c r i b e d ,  w a s  t h e n
c o n v e r t e d  i n t o  a l d e h y d e  ( 2 2 6 )  b y  r e a c t i o n  w i t h  p e r i o d i c
a c i d  i n  T H F .  U n d e r  t h i s  f a c i l e  p r o c e d u r e  f i l t r a t i o n
f o l l o w e d  b y  s o l v e n t  r e m o v a l  f u r n i s h e d  t h e  c r u d e  p r o d u c t
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d i r e c t l y .  A l d e h y d e  ( 2 2 6 )  w a s  f o u n d  t o  b e  r e a s o n a b l y  
s t a b l e  a n d  c o u l d  b e  r e a d i l y  p u r i f i e d  b y  c o l u m n  
c h r o m a t o g r a p h y .  T h e  o v e r a l l  y i e l d  f o r  t h e  t w o  s t e p s
f r o m  a c e t o n i d e  ( 2 2 3 )  w a s  e x c e l l e n t  ( 9 6 % ) .
O x i d a t i o n  o f  a l d e h y d e  ( 2 2 6 )  w a s  c a r r i e d  o u t  u s i n g  
p o t a s s i u m  p e r m a n g a n a t e  i n  a t w o  p h a s e  w a t e r / b e n z e n e  
s y s t e m ,  i n  t h e  p r e s e n c e  o f  a p h a s e  t r a n s f e r  c a t a l y s t  
( b e n z y l t r i e t h y l a m m o n i u m  b r o m i d e ) .  N o  a t t e m p t  w a s  m a d e  
to  p u r i f y  o r  c h a r a t e r i s e  a c i d  ( 2 2 7 ) .  I n s t e a d  i m m e d i a t e  
t r e a t m e n t  w i t h  d i a z o m e t h a n e  i n  e t h e r  g a v e  m e t h y l  e s t e r  
( 2 2 1 )  i n  a y i e l d  o f  8 6 %  f o r  t h e  t w o  s t e p s .
T h e  o v e r a l l  y i e l d  f r o m  a m i n e  ( 1 7 0 )  t o  c o m p o u n d  
( 2 2 1 )  w a s  a v e r y  r e s p e c t a b l e  5 3 % .  F u r t h e r m o r e ,  i t  w a s  
a l s o  p o s s i b l e  t o  d e m o n s t r a t e  t h e  s y n t h e t i c  p o t e n t i a l  o f  
a z e t i d i n o n e  ( 2 1 5 )  b y  o z o n o l y s i s  o f  t h i s  c o m p o u n d  t o  t h e  
m e t h y l  k e t o n e / a c e t a m i d e  ( 2 2 8 ) .  C o m p o u n d  ( 2 2 8 )  w a s  
o b t a i n e d  as  a w h i t e  s o l i d  w h i c h ,  b y  *H s p e c t r o s c o p y  w a s  
s t i l l  a 1 . 7 : 1  m i x t u r e  o f  d i a s t e r e o i s o m e r s .  H o w e v e r ,
r e c r y s t a l l i s a t i o n  y i e l d e d  a w h i t e  c r y s t a l l i n e  s o l i d  
w h i c h  b y  *H a n d  N M R  s p e c t r o s c o p y  w a s  c o n s i d e r a b l y
e n r i c h e d  i n  o n e  d i a s t e r e o i s o m e r  ( d . e .  g r e a t e r  t h a n  9 0 % ) .  
T h e  y i e l d  o f  t h i s  m a t e r i a l  w a s  4 2 %  f r o m  l a c t a m  ( 2 1 5 ) .  
A l t h o u g h  t h i s  a p p r o a c h  t o  o p t i c a l l y  e n r i c h e d  ( 3 - l a c t a m s  
i s  r a t h e r  w a s t e f u l ,  t h e  h i g h  y i e l d i n g  n a t u r e  o f  t h e  
o t h e r  s t e p s  i n v o l v e d  a n d  t h e  s y n t h e t i c  u t i l i t y  o f  t h e  
C - l  a n d  C - 4  s u b s t i t u e n t s  o n  l a c t a m  ( 2 2 8 )  [ a s  
d e m o n s t r a t e d  b y  t h e  c o n v e r s i o n  o f  l a c t a m  ( 2 1 3 )  i n t o  
c o m p o u n d  ( 2 2 1 ) ]  c l e a r l y  s h o w  t h a t  t h i s  r o u t e  h a s  s o m e  
p o t e n t i a l  f o r  t h e  s y n t h e s i s  o f  a r a n g e  o f  b i c y c l i c  (1- 
l a c t a m s  o f  r e a s o n a b l e  o p t i c a l  p u r i t y .
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I n  c o n c l u s i o n  t h e s e  a t t e m p t s  t o  u s e  i m i n e s  d e r i v e d  
f r o m  a m i n e  ( 1 7 0 )  i n  a s y m m e t r i c  P - l a c t a m  s y n t h e s i s  h a d  
b e e n  u n s u c c e s s f u l .  T h i s  w a s  a l m o s t  c e r t a i n l y  b e c a u s e  
t h e  c h i r a l  c e n t r e s  i n  t h e s e  i m i n e s  w e r e  t o o  m a n y  b o n d s  
a w a y  f r o m  t h e  s t e r e o g e n i c  c e n t r e s  a s  t h e y  f o r m e d .
( T h e r e  w a s  c l e a r l y  n o  s u i t a b l e  t h r o u g h  s p a c e  i n t e r a c t i o n  
to o v e c o m e  t h i s  p r o b l e m ) .
A s  t h e  c o n s i d e r a b l e  s u c c e s s  o f  u s i n g  e s t e r  
e n o l a t e s  a n d  k e t e n e s  d e r i v e d  f r o m  ( 3 ) - h y d r o x y b u t y  r i c  
a c i d  i n  a s y m m e t r i c  p - l a c t a m  s y n t h e s i s  d e m o n s t r a t e s ,  t h e  
b e s t  w a y  t o  p r o m o t e  d i a s  t e  r  e o s e 1 e c t i v i t y i n  s u c h
r e a c t i o n s  i s  t o  i n c o r p o r a t e  t h e  c h i r a l  c e n t r e  i n  o n e  o f  
t h e  s t a r t i n g  m a t e r i a l s  a d j a c e n t  t o  t h e  c a r b o n s  w h e r e  t h e  
n e w  c h i r a l  c e n t r e s  w i l l  b e  f o r m e d .  T h u s  i t  w a s  d e c i d e d  
to p r e p a r e  a n  i m i n e  d e r i v e d  f r o m  a h o m o c h i r a l  p r o t e c t e d  
a - h y d r o x y a l d e h y d e ,  s i n c e  s u c h  a c o m p o u n d  w o u l d  c e r t a i n l y  
m e e t  t h e  a b o v e  c r i t e r i o n .  A t  t h e  s a m e  t i m e  i t  w a s
d e s i r a b l e  t h a t  t h e  r e s u l t i n g  p - l a c t a m s  c o u l d  b e  
c o n v e r t e d  w i t h  r e l a t i v e  e a s e  i n t o  c o m p o u n d s  o f  
s i g n i f i c a n t  s y n t h e t i c  u t i l i t y .  A g a i n ,  t a k i n g  4 - a c e t o x y -
2 - o x o - 1 - a z e t i d i n e a c e t i c  a c i d  e s t e r s  a s  p r i m a r y  t a r g e t s ,  
i t  w a s  f a i r l y  s t r a i g h t f o r w a r d  t o  w o r k  b a c k  r e t r o -  
s y n t h e t i c  a 11 y , a s  s h o w n ,  t o  r e a d i l y  a v a i l a b l e
f u r f u r y  l a m i n e  ( 2 2 9 )  a n d  p r o t e c t e d  a - h y  d r o x y p r o p a n a l s .
7 1( D a n i s h e f s k y  h a s  s h o w n  t h a t  f u r a n s  c a n  b e  
s m o o t h l y  o x i d i s e d  t o  t h e  c o r r e s p o n d i n g  a c i d s ,  u s i n g  t h e  
r u t h e n i u m  d i o x i d e  s o d i u m  p e r i o d a t e / w a t e r / c a r b o n  
t e t r a c h  1 o r  i d  e /  a c e t o n i t r  i 1 e s y s t e m  d e v e l o p e d  b y  
S h a r p l e s s ^ ) .  A c c o r d i n g  t o  t h e  l i t e r a t u r e ^  s e v e r a l  o f  
t h e s e  a l d e h y d e s  w e r e  i n d e e d  a v a i l a b l e ,  i n  h o m o c h i r a l
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f o r m ,  b y  D I B A L H  r e d u c t i o n  o f  p r o t e c t e d  h o m o c h i r a l  
l a c t a t e  e s t e r s .
C l e a r l y  i t  w a s  d e s i r a b l e  t o  o p t  f o r  a p r o t e c t i n g  
g r o u p  w h i c h  w a s  b o t h  b u l k y  ( i n  t h e  h o p e  o f  o p t i m i s i n g  
a n y  a s y m m e t r i c  i n d u c t i o n )  a n d  e a s i l y  r e m o v e d  u n d e r  m i l d  
c o n d i t i o n s .  I t  w a s  t h e r e f o r e  d e c i d e d  t o  p r e p a r e  t h e  O.- 
T B D M S  p r o t e c t e d  i m i n e  ( 2 3 0 ) .
H o m o c h i r a l  a l d e h y d e  ( 2 3 1 )  w a s  p r e p a r e d  b y  
p r o t e c t i n g  ( S ) - ( - ) - m e t h y l  l a c t a t e  as  i t s  T B D M S  e t h e r  a n d  
t h e n  c a r e f u l l y  r e d u c i n g  t h e  r e s u l t i n g  m e t h y l  e s t e r  w i t h  
D I B A L H  at  - 7 8 ° C .  A l d e h y d e  ( 2 3 1 )  t h u s  p r o d u c e d  w a s  
p u r i f i e d  b y  d i s t i l l a t i o n  a n d  t h e n  c o n d e n s e d  w i t h  f r e s h l y  
d i s t i l l e d  f u r f u r y l a m i n e  ( 2 2 9 ) .  T h i s  g a v e  i m i n e  ( 2 3 0 )  
i n  8 6 %  y i e l d ,  a f t e r  p u r i f i c a t i o n  b y  d i s t i l l a t i o n .
I m i n e  ( 2 3 0 )  w a s  s u c c e s s f u l l y  r e a c t e d  w i t h
p h e n o x y a c e t i c a c i d ,  i n  t h e  p r e s e n c e  o f
p h e n y l  d i c h l o r o p h o s p h a t e  a n d  t r i e t h y l a m i n e  t o  g i v e  t h e
c i s - P - l a c t a m  ( 2 3 2 )  i n  8 6 %  y i e l d ,  a f t e r  c o l u m n
c h r o m a t o g r a p h y .  A g a i n ,  n o  t r a c e  o f  t h e  t r a n s  i s o m e r
1 13w a s  d e t e c t e d .  H a n d  N M R  s p e c t r o s c o p y  b o t h
s u g g e s t e d  t h a t  l a c t a m  ( 2 3 2 )  w a s  a m i x t u r e  o f  
d i a s t e r e o i s o m e r s ,  w i t h  o n e  b e i n g  p r e s e n t  i n  l a r g e  e x c e s s  
( d . e .  a b o u t  8 0 % ) .  C a p i l l a r y  G . C .  s e p a r a t e d  t h e s e  t w o  
c o m p o u n d s  a n d  g a v e  a d . e .  v a l u e  o f  8 3 % .
I t  w a s  o b v i o u s l y  n e c e s s a r y  t o  e s t a b l i s h  t h a t  n o  
e p i m e r i s  a t i o n  h a d  o c c u r r e d  a t  t h e  e x o c y c l i c  c h i r a l  
c e n t r e  i n  l a c t a m  ( 2 3 2 ) ,  e i t h e r  d u r i n g  t h e  f o r m a t i o n  o f  
i m i n e  ( 2 3 0 )  o r  d u r i n g  t h e  c o n v e r s i o n  o f  t h i s  i m i n e  i n t o
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l a c t a m  ( 2 3 2 ) .  ( C o m p o u n d  ( 2 3 2 )  h a d  a m e a s u r e d  [ oc] j-j o f  
- 2 9 ° .  H o w e v e r ,  t h i s  d i d  n o t h i n g  t o  e s t a b l i s h  i t s
c h i r a l  i n t e g r i t y .  P a r t i a l  r a c e m i s a t i o n  c o u l d  e a s i l y
h a v e  o c c u r r e d  d u r i n g  t h e  s y n t h e s i s ) .  T h i s  w a s  a c h i e v e d  
u s i n g  t h e  a p p r o a c h  o f  i n t e r  a l i a . W h i t e s e l l . ^ ^  F i r s t l y  
l a c t a m  ( 2 3 2 )  w a s  d e s i l y l a t e d  e m p l o y i n g  T B A F  t o  g i v e  
a l c o h o l  ( 2 3 3 )  i n  8 7 %  y i e l d .  D C C / D M A P / T r i e t h y l a m i n e
m e d i a t e d  c o u p l i n g  o f  a l c o h o l  ( 2 3 3 )  t o  ( S )  - 0_-
a c e t y l m a n d e l i c  a c i d  ( 2 3 4 )  g a v e  e s t e r  ( 2 3 5 )  i n  9 1 %  y i e l d .
1 1 ^E s t e r  ( 2 3 5 )  a p p e a r e d  as o n e  c o m p o u n d ,  b o t h  b y  H a n d  C 
N M R  s p e c t r o s c o p y ,  s u g g e s t i n g  v e r y  s t r o n g l y  t h a t  P - l a c t a m  
( 2 3 2 )  w a s  i n d e e d  h o m o c h i r a l .  ( T h e  f a c t  t h a t  n o n e  o f
t h e  m i n o r  d i a s t e r e o i s o m e r  f r o m  l a c t a m  ( 2 3 2 )  w a s  d e t e c t e d  
i n  e s t e r  ( 2 3 5 )  a l m o s t  c e t a i n l y  r e s u l t e d  f r o m  l o s s  o f  
m a t e r i a l  e x p e r i e n c e d  a s  a r e s u l t  o f  s a c r i f i c i a l
p u r i f i c a t i o n  o f  a l c o h o l  ( 2 3 3 )  o r  e s t e r  ( 2 3 5 )  d u r i n g  t h e  
s y n t h e s i s ) .  T h i s  s u g g e s t e d  v e r y  s t r o n g l y  t h a t  p - l a c t a m  
( 2 3 2 )  w a s  i n d e e d  h o m o c h i r a l .  A s  c o n f i r m a t i o n  o f  t h i s ,
r a c e m i c  a l d e h y d e  ( 2 3 1 )  w a s  d e l i b e r a t e l y  p r e p a r e d  f r o m  
( ± _ ) - 3 - h y d r o x y b u t - l - e n e  ( 2 3 6 )  b y  O.- s i l y l a t i o n  t o  g i v e  
T B D M S  e t h e r  ( 2 3 7 )  f o l l o w e d  b y  o z o n o l y s i s .  W h e n
s u b j e c t e d  t o  t h e  s a m e  s y n t h e t i c  p a t h w a y ,  r a c e m i c  
a l d e h y d e  ( 2 3 1 )  y i e l d e d  e s t e r  ( 2 3 5 )  a s  a 1 :1  m i x t u r e  o f  
t w o  d i a s t e r e o i s o m e r s ,  o n e  o f  w h i c h  s h o w e d ,  w i t h i n
e x p e r i m e n t a l  e r r o r ,  i d e n t i c a l  s p e c t r o s c o p i c  b e h a v i o u r  t o  
h o m o c h i r a l  e s t e r  ( 2 3 5 ) .  T h i s  w a s  t a k e n  a s  p r o o f
a b s o l u t e  o f  t h e  f a c t  t h a t  a z e t i d i n o n e  ( 2 3 2 )  w a s  
h o m o c h i r a l .
T o  e s t a b l i s h  t h e  s y n t h e t i c  p o t e n t i a l  o f  N _ - [ ( f u r a n -  
2 - y l ) m e t h y l ]  s u b s t i t u t e d  a z e t i d i n o n e s  l i k e  ( 2 3 2 ) ,  
r u t h e n i u m  d i o x i d e / s o d i u m  p e r i o d a t e  o x i d a t i o n ^ *  w a s
(230)
^ C 0 2 E t  
N H
C O  (C +
(214-)
/ C O . E +
NH
0
2 h  h  O T B D M S
0
- j
(2 A-0 )
H H 
P h O ^
0
O T B D r i S
C O 2 H
( 2 3 8 )
O T B D M S
P.
n
N!
CO2CH2
(239)
35
c a r r i e d  o u t .  N o  a t t e m p t  w a s  m a d e  t o  p u r i f y  o r
c h a r a c t e r i s e  t h e  r e s u l t i n g  a c i d  ( 2 3 8 )  t h u s  p r o d u c e d .  
I n s t e a d  t h e  c r u d e  a c i d  w a s  r e a c t e d  i m m e d i a t e l y  w i t h  
d i a z o m e t h a n e  t o  g i v e  m e t h y l  e s t e r  ( 2 3 9 ) .  L a c t a m
( 2 3 9 )  c o u l d  b e  p u r i f i e d  b y  c o l u m n  c h r o m a t o g r a p h y  a n d  w a s
p r o d u c e d  i n  a n  o v e r a l l  y i e l d  o f  8 3 %  f r o m  l a c t a m  ( 2 3 2 ) .
C l e a r l y ,  t h e  n e x t  s t e p  w a s  t o  e x t e n d  t h i s  a p p r o a c h  
t o  t h e  s y n t h e s i s  o f  ( 3 - l a c t a m s  w i t h  m o r e  u s e f u l  C - 3  
s u b s t i t u e n t s  w h i l e  h o p e f u l l y  r e t a i n i n g  t h e  e x c e l l e n t  
d . e .  o b s e r v e d  i n  t h e  p r o d u c t i o n  o f  a z e t i d i n o n e  ( 2 3 2 ) .  
T h u s  i m i n e  ( 2 3 0 )  w a s  r e a c t e d  w i t h  D a n e  s a l t  ( 2 1 4 )  i n  t h e  
p r e s e n c e  o f  p h e n y l  d i c h l o r o p h o s p h a t e  a n d  t r i e t h y l  a m i n e  
to g i v e  c i s  p - l a c t a m  ( 2 4 0 )  i n  8 6 %  y i e l d .  T h i s  p r o d u c t
w as  s h o w n  ( b y  N M R  s p e c t r o s c o p y )  t o  b e  g r e a t l y  e n r i c h e d  
in o n e  d i a s t e r e o i s o m e r .  C a p i l l a r y  G . C .  s h o w e d  t h e  d . e .
to b e  9 1 % .  A z e t i d i n o n e  ( 2 4 0 )  h a d  a m e a s u r e d  [o t l j )  o f
+ 2 6 . 5 ° .  A s  b e f o r e ,  t h e  c h i r a l  i n t e g r i t y  o f  l a c t a m
( 2 4 0 )  w a s  e s t a b l i s h e d  b y  d e s i l y l a t i o n  t o  a l c o h o l  ( 2 4 1 )  
in 9 1 %  y i e l d  f o l l o w e d  b y  c o u p l i n g  w i t h  ( S ) - O - a c e t v l -
m a n d e l i c  a c i d  t o  g i v e  e s t e r  ( 2 4 2 )  i n  8 9 %  y i e l d .  N M R
s p e c t r o s c o p y  i n d i c a t e d  t h a t  l a c t a m  ( 2 4 2 )  w a s  p r e s e n t  as
o n e  d i a s t e r e o i s o m e r  o n l y .  ( O n c e  m o r e  t h e  m i n o r
d i a s t e r e o i s o m e r  p r e s e n t  i n  l a c t a m  ( 2 4 0 )  w a s  p r e s u m a b l y  
r e m o v e d  b y  s a c r i f i c i a l  p u r i f i c a t i o n ) .  T h i s  w a s
c o n f i r m e d  b y  s u b j e c t i n g  r a c e m i c  a l d e h y d e  ( 2 3 1 )  t o  t h e  
a b o v e  s y n t h e t i c  s e q u e n c e ,  l e a d i n g  t o  t h e  p r o d u c t i o n  o f  
e s t e r  ( 2 4 2 )  as  a 1:1 m i x t u r e  o f  t w o  d i a s t e r e o i s o m e r s ,  b y  
N M R  s p e c t r o s c o p y .  A z e t i d i n o n e  ( 2 4 0 )  w a s  t h u s  t a k e n  to
be  h o m o c h i r a l .
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T o  d e m o n s t r a t e  t h e  s y n t h e t i c  p o t e n t i a l  o f  t h i s  
r o u t e  i t  w a s  d e c i d e d  t o  a t t e m p t  t h e  c o n v e r s i o n  o f  l a c t a m
( 2 4 0 )  i n t o  t h e  p o t e n t i a l  b i c y c l i c  p - l a c t a m  p r e c u r s o r  
( 2 4 3 ) ,  w h i c h  h a s  t h e  s a m e  C - 3  s i d e  c h a i n  a s  p e n i c i l l i n  
V .
S e l e c t e d  h y d r o l y t i c  c l e a v a g e  o f  t h e  v i n y l o g o u s  
c a r b a m a t e  a m i n o  p r o t e c t i n g  g r o u p  i n  t h e  p r e s e n c e  o f  t h e  
T B D M S  e t h e r  w a s  a t t e m p t e d  by  t r e a t i n g  l a c t a m  ( 2 4 0 )  w i t h  
1M m e t h a n o l i c  HC1 f o r  10 m i n .  R e m o v a l  o f  t h e  s o l v e n t  
g a v e  a w h i t e ,  a m o r p h o u s  s o l i d  s m e l l i n g  s t r o n g l y  o f  e t h y l  
a c e t o a c e t a t e .  W a s h i n g  t h i s  s o l i d  s e v e r a l  t i m e s  w i t h
p e n t a n e  ( w h e r e u p o n  t h i s  s m e l l  w a s  e f f e c t i v e l y  r e m o v e d )  
w a s  f o l l o w e d  by i m m e d i a t e  reaction o f  t h e  c r u d e  p r o d u c t  
w i t h  e x c e s s  t r i e t h y l a m i n e / a c e t i c  a n h y d r i d e / D M A P .  T h i s  
g a v e  a c e t a t e / a c e t a m i d e  ( 2 4 4 )  i n  9 4 %  o v e r a l l  y i e l d ,  f r o m  
l a c t a m  ( 2 4 3 ) .  C l e a r l y  t r e a t m e n t  o f  a z e t i d i n o n e  ( 2 4 3 )  
w i t h  m e t h a n o l i c  HC1 u n d e r  t h e s e  c o n d i t i o n s  h a d  r e s u l t e d  
i n  t h e  n o n - s e l e c t i v e  c l e a v a g e  o f  b o t h  t h e  v i n y l o g o u s  
c a r b a m a t e  a n d  o f  t h e  s i l y l  e t h e r  t o  g i v e  t h e  
a l c o h o l / a m i n e  h y d r o c h l o r i d e  s a l t  ( 2 4 5 ) .
A l c o h o l  ( 2 4 5 )  c o u l d  a l s o  b e  c o n v e r t e d ,  i n  9 6 %  
o v e r a l l  y i e l d ,  i n t o  p h e n o x y  a c e  t a m  i d e / p h e  n o  x y  a c  e t a t e  
( 2 4 6 ) ,  b y  t r e a t m e n t  w i t h  2 . 1  e q u i v a l e n t s  o f  
p h e n o x y  a c e t y l  c h l o r i d e ,  i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  
and DMAP.
C o m p o u n d  ( 2 4 6 )  i s  a n  o b v i o u s  p o t e n t i a l  p r e c u r s o r  
o f  t h e  d e s i r e d  p - l a c t a m  ( 2 4 3 ) .  T h u s  a z e t i d i n o n e  ( 2 4 6 )  
w a s  c o n v e r t e d  i n t o  a c i d  ( 2 4 7 )  u s i n g  S h a r p l e s s  f u r a n  
o x i d a t i o n .  R e a c t i o n  o f  t h e  c r u d e  p r o d u c t  w i t h
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d i a z o m e t h a n e  f u r n i s h e d  m e t h y l  e s t e r  ( 2 4 8 )  i n  7 8 %  o v e r a l l  
y i e l d  f r o m  f u r a n  ( 2 4 6 ) .
U n f o r t u n a t e l y ,  a t t e m p t e d  c l e a v a g e  o f  t h e  
p h e n o x y  a c e t a t e  e s t e r  i n  l a c t a m  ( 2 4 8 )  w a s  u n s u c c e s s f u l ,  
d e s p i t e  t h e  u s e  o f  a v a r i e t y  o f  k n o w n ^  e s t e r  c l e a v a g e  
s y s t e m s ,  i n c l u d i n g  p o t a s s i u m  c a r b o n a t e / m e  t h a n  o 1; 
p o t a s s i u m  b i c a r b o n a t e / m e t h a n o l ;  p o t a s s i u m  c a r b o n a t e / T H F ;  
p o t a s s i u m  b i c a r b o n a t e / T H F  a n d  a m m o n i a / m e t h a n o l .  A l l  o f  
t h e s e  p r o c e d u r e s  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  v e r y  
p o l a r  m a t e r i a l ,  w h i c h  c o u l d  n o t  b e  c h a r a c t e r i s e d .
I t  w a s  t h e r e f o r e  d e c i d e d  t o  r e t u r n  t o  t h e  i n i t i a l  
c o n c e p t  o f  s e l e c t i v e  c l e a v a g e  o f  t h e  a m i n o  p r o t e c t i n g  
g r o u p  i n  t h e  p r e s e n c e  o f  t h e  s i l y l  e t h e r .  T o  m a k e  t h e  
c l e a v a g e  c o n d i t i o n s  m i l d e r ,  t h e  r e a c t i o n  o f  l a c t a m  ( 2 4 0 )  
in 1M m e t h a n o l i c  HC1 w a s  s t o p p e d  a f t e r  o n l y  5 m i n  b y  
t h o r o u g h l y  p u r g i n g  t h e  s o l u t i o n  w i t h  n i t r o g e n .  A g a i n
s o l v e n t  r e m o v a l  g a v e  a n  a m o r p h o u s  w h i t e  s o l i d  s m e l l i n g  
s t r o n g l y  o f  e t h y l  a c e t o a c e t a t e .  W a s h i n g  w i t h  p e n t a n e ,  
f o l l o w e d  b y  a c e t y l a t i o n  u s i n g  t r i e t h y l a m i n e ,  a c e t i c  
a m h y d r i d e  a n d  D M A P  g a v e  t h e  d e s i r e d  a c e t a t e / s i l y l  e t h e r  
( 2 4 9 ) ,  i n  8 9 %  o v e r a l l  y i e l d  f r o m  l a c t a m  ( 2 4 0 ) .  
S e l e c t i v e  c l e a v a g e  t o  t h e  d e s i r e d  a m i n e  h y d r o c h l o r i d e  
s a l t  ( 2 5 0 )  h a d  t h u s  b e e n  a c h i e v e d .  R e a c t i o n  o f  t h i s
s a l t  w i t h  p h e n o x y  a c e t y l  c h l o r i d e  i n  t h e  p r e s e n c e  o f  
t r i e t h y l a m i n e  a n d  D M A P  g a v e  t h e  t a r g e t  p h e n o x y  a c e t a m i d e  
( 2 5 1 )  i n  a n  o v e r a l l  y i e l d  o f  8 2 %  f r o m  l a c t a m  ( 2 4 0 ) .  
S i l y l  e t h e r  ( 2 5  1) w a s  a l s o  a v a i l a b l e  i n  g o o d  y i e l d  f r o m  
p h e n o x y  a c e t a t e  ( 2 4 6 )  i n  t w o  s t e p s ,  i n v o l v i n g  i n i t i a l  
p o t a s s i u m  c a r b o n a t e / m e t h a n o l  m e d i a t e d  s e l e c t i v e  e s t e r
7c l e a v a g e  to  t h e  a l c o h o l  f o l l o w e d  b y  t r e a t m e n t  w i t h
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T B D M S  t r i f l a t e .  T h i s  g a v e  a z e t i d i n o n e  ( 2 5 1 )  i n  a n
o v e r a l l  y i e l d  o f  8 1 %  f r o m  p h e n o x y  a c e t a t e  ( 2 4 6 ) .  T h e  
f a c i l e  s e l e c t i v e  p h e n o x y  a c e t a t e  h y d r o l y s i s  o f  N - (  f u r a n -
2 - y l ) m e t h y l  l a c t a m  ( 2 4 6 )  c o n t r a s t s  s i g n i f i c a n t l y  w i t h  
t h e  d i f f i c u l t i e s  e x p e r i e n c e d  i n  a t t e m p t e d  p h e n o x y a c e t a t e  
h y d r o l y s i s  o f  m e t h y l  e s t e r / l a c t a m  ( 2 4 8 ) .
L a c t a m  ( 2 5 1 )  w a s  c o n v e r t e d  i n t o  a c i d  ( 2 5 2 )  u s i n g  
S h a r p l e s s  o x i d a t i o n .  A g a i n ,  n o  a t t e m p t  w a s  m a d e  to
p u r i f y  o r  c h a r a c t e r i s e  t h i s  a c i d .  I n s t e a d  i t  w a s
r e a c t e d  d i r e c t l y  w i t h  d i a z o m e t h a n e  t o  y i e l d  m e t h y l  e s t e r
( 2 53 )  i n  7 4 %  y i e l d  f r o m  f u r a n  ( 2 5 1 ) .
C l e a v a g e  o f  t h e  s i l y l  e t h e r  i n  c o m p o u n d  ( 2 5 3 )  w a s
a c h i e v e d  b y  t r e a t m e n t  w i t h  T B A F  i n  T H F .  T h i s  g a v e
a l c o h o l  ( 2 5 4 )  i n  9 2 %  y i e l d .  O x i d a t i o n  to  m e t h y l  k e t o n e
( 2 5 5 )  w a s  s u c c e s s f u l l y  c a r r i e d  o u t  u s i n g  t h e  3 , 5 -
7 7d i m e t h y l p y  r a z o l e / c h r o m i u m  t r i o x i d e  c o m p l e x  d e s c r i b e d  
by C o r e y  a n d  F l e e t .  K e t o n e  ( 2 5 5 )  w a s  i s o l a t e d  i n  a
y i e l d  o f  8 3 % ,  a l o n g  w i t h  9 %  o f  u n r e a c t e d  a l c o h o l  ( 2 5 4 ) .
M e t h y l  k e t o n e  ( 2 5 5 )  i s ,  i n  f a c t  a u s e f u l  b i c y c l i c
P - l a c t a m  p r e c u r s o r  i n  i t s  o w n  r i g h t .  P a l o m o  a n d  c o -
7 8w o r k e r s  h a v e  s u c c e s s f u l l y  h o m o l o g a t e d  s e v e r a l  k e t o n e s  
o f  t h i s  t y p e  t o  4 -  [ ( 2 - p r o p a n o n e ) -  1 - y  1 ] a z e t i d i n o n e s  
u s i n g  d i a z o m e t h a n e .  F o r  e x a m p l e ,  a z e t i d i n o n e  ( 2 5 6 )  h a s  
b e e n  c o n v e r t e d  i n t o  c o m p o u n d  ( 2 5 7 )  i n  4 3 %  y i e l d .  B a s e  
c a t a l y s e d  c y c l i s a t i o n  o f  s u c h  c o m p o u n d s  f u r n i s h e s  
c a r b a p e n e m s .  F o r  e x a m p l e  k e t o n e  ( 1 8 4 )  h a s  b e e n
s u c c e s s f u l l y  c y c 1 i s e d  5 9  ^b  ^ s e l e c t i v e l y  t o  b i c y c l i c  
c o m p o u n d  ( 1 8 6 )  o r  ( 1 8 7 )  as  d i s c u s s e d  p r e v i o u s l y  ( p  23  ).
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C o n v e r s i o n  o f  m e t h y l  k e t o n e  ( 2 5 5 )  i n t o  t h e  
d e s i r e d  4 - a c e t o x y  p - l a c t a m  ( 2 4 3 )  w a s  e a s i l y  c a r r i e d  o u t  
i n  e x c e l l e n t  y i e l d  ( 9 3 % )  b y  r e a c t i o n  w i t h  m C P B  A i n  
r e l u x i n g  b e n z e n e .  T h e  o v e r a l l  y i e l d  o f  c o m p o u n d  ( 2 4 4 )
f r o m h o m o c h i r a l  i m i n e  ( 2 3 0 )  w a s  4 0 % .
C l e a r l y ,  t h e r e f o r e ,  t h i s  a p p r o a c h  h a s  b e e n  
s u c c e s s f u l  i n  a c h i e v i n g  i t s  g o a l  o f  e s t a b l i s h i n g  a 
f a c i l e  r o u t e  t o  ^ - l a c t a m s  o f  h i g h  o p t i c a l  p u r i t y  a n d  
g e n u i n e  s y n t h e t i c  p o t e n t i a l .
T o  e x t e n d  f u r t h e r  t h e  a p p l i c a b i l i t y  o f  t h i s
a p p r o a c h ,  a s t u d y  w a s  c a r r i e d  o u t  o n  t h e  f e a s i b i l i t y  o f  
c o n d e n s i n g  i m i n e  ( 2 3 0 )  w i t h  l i t h i u m  e s t e r  e n o l a t e s .  
T h e  f a c t  t h a t  i m i n e  ( 2 3 0 )  h a d  a n  a - p r o t o n  a n d  w a s  
t h e r e f o r e  e n o l i s a b l e  c l e a r l y  r e p r e s e n t e d  a p o t e n t i a l
p r o b l e m .  H o w e v e r ,  w h e n  i m i n e  ( 2 3 0 )  w a s  a d d e d  a t  - 7 8 ° C  
to  t h e  l i t h i u m  e s t e r  e n o l a t e  d e r i v e d  f r o m  m e t h y l  2 -
m e t h y l p r o p i o n a t e  a n d  t h e  r e a c t i o n  m e d i u m  a l l o w e d  to  w a r m  
to r o o m  t e m p e r a t u r e  o v e r  12 h o u r s ,  t h e  3 , 3 - d i m e t h y l  [}- 
l a c t a m  ( 2 5 8 )  w a s  o b t a i n e d  i n  5 8 %  y i e l d ,  a l o n g  w i t h  2 9 %  
o f  a l d e h y d e  ( 2 3 1 )  ( p r e s u m a b l y  p r o d u c e d  b y  h y d r o l y s i s  o f
i m i n e  ( 2 3 0 )  d u r i n g  t h e  a c i d i c  w o r k  u p ) .  I n c r e a s i n g  t h e  
r e a c t i o n  t i m e  ( e i t h e r  a t  - 7 8 ° C  o r  a t  r o o m  t e m p e r a t u r e )  
f a i l e d  t o  i m p r o v e  t h e  o b s e r v e d  y i e l d  o f  P - l a c t a m .  N M R  
s p e c t r o s c o p y  a n d  c a p i l l a r y  G . C .  b o t h  s h o w e d  t h a t  l a c t a m
( 2 58 )  w a s  p r o d u c e d  w i t h  8 9 %  d . e .
T o  e s t a b l i s h  t h e  c h i r a l  i n t e g r i t y  o f  l a c t a m  ( 2 5 8 )
it  w a s  d e s i l y l a t e d  t o  a l c o h o l  ( 2 5 9 )  a n d  t h e n  c o u p l e d  to  
( S _ ) - 0 _ - a c e t y l m a n d e l i c  a c i d .  T h i s  g a v e  e s t e r  ( 2 6 0 )  i n  
8 4 %  o v e r a l l  y i e l d .  N M R  s p e c t r o s c o p y  i n d i c a t e d  t h a t
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t h i s  c o m p o u n d  w a s  p r e s e n t  as  o n e  d i a s t e r e o i s o m e r  o n l y .  
( A g a i n  i t  s e e m s  t h a t  t h e  m i n o r  d i a s t e r e o i s o m e r  p r e s e n t  
i n  l a c t a m  ( 2 5 8 )  w a s  r e m o v e d  d u r i n g  s a c r i f i c i a l  
p u r i f i c a t i o n ) .  W h e n  r a c e m i c  a l d e h y d e  ( 2 3 1 )  w a s
s u b j e c t e d  t o  t h e  s a m e  s y n t h e t i c  s e q u e n c e  e s t e r  ( 2 6 0 )  w a s  
p r o d u c e d  a s  a 1:1 m i x t u r e  o f  d i a s t e r e o i s o m e r s .  O n e  o f  
t h e s e  c o r r e s p o n d e d  ( b y  N M R  s p e c t r o s c o p y )  t o  t h e  s i n g l e  
d i a s t e r e o i s o m e r  p r o d u c e d  w h e n  h o m o c h i r a l  s t a r t i n g  
m a t e r i a l  w a s  u s e d .  T h i s  e s t a b l i s h e d  t h a t  3 , 3 - d i m e t h y l  
l a c t a m  ( 2 5 8 )  w a s  h o m o c h i r a l  a n d  t h e r e f o r e  t h a t  i m i n e
( 2 3 0 )  h a d  n o t  r a c e m i s e d  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s .
U n f o r t u n a t e l y ,  a t t e m p t s  t o  e x t e n d  t h i s  r e a c t i o n  t o  
t h e  s y n t h e s i s  o f  a z e t i d i n o n e s  w i t h  m o r e  u s e f u l  3 - a l k y l  
s u b s t i t u e n t s  w e r e  u n s u c c e s s f u l .  T h e  l i t h i u m  e s t e r
e n o l a t e  f r o m  m e t h y l  p r o p i o n a t e  g a v e  n o n e  o f  t h e  d e s i r e d
3 - e t h y l  l a c t a m  ( 2 6 1 )  [ a  p o t e n t i a l  p r e c u r s o r  o f  P S - 5  ( 9 ) ]  
w h e n  r e a c t e d  w i t h  i m i n e  ( 2 3 0 ) .  I n s t e a d  o n l y  a l d e h y d e
( 2 3 1 )  w a s  r e c o v e r e d ,  i n  6 9 %  y i e l d .  E v e n  t h e  m o r e
r e a c t i v e  d i a n i o n  f r o m  m e t h y l  3 - h y d r o x y  b u t y r a t e  y i e l d e d  
no  t r a c e  o f  P - l a c t a m ;  t h i s  w a s  d i s a p p o i n t i n g  s i n c e  t h e  
a n t i c i p a t e d  3 - [ 2 - h y d r o x e t h y l ]  s u b s t i t u t e d  l a c t a m  ( 2 6 2 )  
w o u l d  h a v e  b e e n  a p o s s i b l e  p r e c u r s o r  o f  t h i e n a m y c i n  ( 6 ) .  
As  b e f o r e ,  o n l y  a l d e h y d e  ( 2 3 1 )  w a s  r e c o v e r e d  a f t e r  w o r k  
up ,  t h i s  t i m e  i n  7 3 %  y i e l d .
B o t h  r e a c t i o n s  w e r e  a l s o  c a r r i e d  o u t  u n d e r  a 
v a r i e t y  o f  c o n d i t i o n s .  H o w e v e r  o n  n o  o c c a s i o n  w a s  a n y  
d e t e c t a b l e  a m o u n t  o f  P - l a c t a m  i s o l a t e d .  T h e  f a i l u r e  o f
t h e s e  t w o  m o n o - s u b s t i t u t e d  l i t h i u m  e s t e r  e n o l a t e s  t o  
r e a c t  w i t h  i m i n e  ( 2 3 0 )  w a s  n o t  t o t a l l y  u n e x p e c t e d .  
G e n e r a l l y ,  t h e  l i t h i u m  e s t e r  e n o l a t e / i m i n e  c o n d e n s a t i o n
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h a s  b e e n  s u c c e s s f u l  o n l y  w i t h  N _ - s i l y l  a n d  N . - p h e n y l  
i m i n e s ,  b o t h  o f  w h i c h  a r e  f a r  m o r e  r e a c t i v e  
e l e c t r o p h i l e s  t h a n  N_- a l k y l  i m i n e s  s u c h  as  ( 2 3 0 ) .
T h e  f a c t  t h a t  t h e  l i t h i u m  e s t e r  e n o l a t e  d e r i v e d  
f r o m  m e t h y l  2 - m e t h y  l p r o p i o n a t e  r e a c t s  w i t h  i m i n e  ( 2 3 0 ) ,  
a l b e i t  i n  a r e l a t i v e l y  m o d e s t  y i e l d ,  p r o b a b l y  r e f l e c t s  
t h e  g r e a t e r  t h e r m a l  s t a b i l i t y  o f  d i s u b s t i t u t e d  e s t e r  
e n o l a t e s  r e l a t i v e  t o  m o n o s u b s t i t u t e d  s p e c i e s .
T h i s  f a i l u r e  o f  i m i n e  ( 2 3 0 )  t o  y i e l d  C - 3  m o n o ­
a l k y l a t e d  a z e t i d i n o n e s  r e p r e s e n t s  a s i g n i f i c a n t  
l i m i t a t i o n  o f  i t s  s y n t h e t i c  a p p l i c a b i l i t y .  O v e r c o m i n g
t h i s  p r o b l e m  w o u l d  t h e r e f o r e  b e  a f r u i t f u l  a r e a  f o r  
s u b s e q u e n t  r e s e a r c h .
F i n a l l y ,  i n  a n  a t t e m p t  t o  f u r t h e r  i m p r o v e  t h e  
d i a s t e r e o s e l e c t i v i t i e s  o b s e r v e d  i n  t h i s  a p p r o a c h  i t  w a s  
d e c i d e d  t o  p r e p a r e  t h e  h o m o c h i r a l  O - T B D P S  i m i n e  ( 2 6 3 ) .  
I t  w a s  h o p e d  t h a t  t h e  b u l k i e r  o x y g e n  p r o t e c t i n g  g r o u p  
w o u l d  i n c r e a s e  t h e  e n e r g y  d i f f e r e n c e  b e t w e e n  t h e  
d i a s  t e r  e o i s o m  e r  i c t r a n s i t i o n  s t a t e s  l e a d i n g  t o  a 
p a r t i c u l a r  p - l a c t a m  a n d  h e n c e  i n c r e a s e  t h e  o b s e r v e d  
d . e * s .
T h u s  O - T B D P S  a l d e h y d e  ( 2 6 4 )  w a s  p r e p a r e d 73  b y  
s i l y l a t i o n  o f  ( S ) - ( - ) - m e t h y l  l a c t a t e  t o  g i v e  s i l y l  e t h e r  
( 2 6 5 )  i n  9 4 %  y i e l d ,  f o l l o w e d  by  c a r e f u l  D I B A L H  r e d u c t i o n  
to t h e  d e s i r e d  c o m p o u n d  i n  7 5 %  y i e l d .  C o n d e n s a t i o n  o f  
a l d e h y d e  ( 2 6 4 )  w i t h  f r e s h l y  d i s t i l l e d  f u r f u r y l  a m i n e  
( 2 2 9 )  g a v e  i m i n e  ( 2 6 3 )  i n  9 1 %  y i e l d ,  a f t e r  p u r i f i c a t i o n  
b y  d i s t i l l a t i o n .
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I m i n e  ( 2 6 3 )  w a s  t h e n  s u b j e c t e d  t o  t h e  s a m e  t h r e e  [3-
l a c t a m  f o r m i n g  r e a c t i o n s  a s  h a d  b e e n  c a r r i e d  o u t  o n  
i m i n e  ( 230 ) .  R e a c t i o n  w i t h  p h e n o x y  a c e t i c  a c i d  g a v e  3-  
p h e n o x y  a z e t i d i n o n e  ( 2 6 6 )  i n  8 4 %  y i e l d .  *H N M R
s p e c t r o s c o p y  s u g g e s t e d  t h a t  c o m p o u n d  ( 2 6 6 )  w a s  p r e s e n t  
as  o n e  d i a s t e r e o i s o m e r  o n l y .  H o w e v e r ,  N M R
s p e c t r o s c o p y  s h o w e d  t h a t  a t r a c e  o f  a n o t h e r  c o m p o u n d  
( l e s s  t h a n  5 % )  w a s  i n  f a c t  p r e s e n t .  U n f o r t u n a t e l y ,  a t  
t h i s  t i m e  t h e  c a p i l l a r y  G . C .  f a c i l i t y  w a s  u n a v a i l a b l e .  
P a c k e d  c o l u m n  G . C .  s h o w e d  o n l y  o n e  c o m p o u n d  to  b e  
p r e s e n t .  D e s i l y l a t i o n  o f  l a c t a m  ( 2 6 6 )  g a v e  a l c o h o l
( 2 3 3 )  w i t h  a m e a s u r e d  [<*]£> o f  - 3 3 . 6 ° .  T h e
c o r r e s p o n d i n g  O - T B D M S  l a c t a m  y i e l d e d  a l c o h o l  ( 2 3 3 )  w i t h  
an [ ccJ q  o f  - 2 6 . 2 ° .  T h e  r e l a t i v e  v a l u e s  o f  t h e s e  [ot]p) 
m e a s u r e m e n t s  h o w e v e r ,  i n  r e a l i t y  g a v e  n o  i n s i g h t  i n t o  
t h e  r e l a t i v e  d . e ’ s o f  [ 3 - l a c t a m s  ( 2 3 2 )  a n d  ( 2 6 6 ) ,  s i n c e
n e i t h e r  t h e  s i g n  n o t  t h e  m a g n i t u d e  o f  t h e  o p t i c a l  
r o t a t i o n  o f  a n y  o f  t h e  i n d i v i d u a l  d i a s t e r e o i s o m e r s
p r e s e n t  w a s  k n o w n .
N e x t ,  i m i n e  ( 2 6 3 )  w a s  r e a c t e d  w i t h  D a n e  s a l t  ( 2 1 4 )  
to g i v e  t h e  p r o t e c t e d  3 - a m i n o  l a c t a m  ( 2 6 7 )  i n  8 5 %  y i e l d .  
B o t h  *H a n d  N M R  s p e c t r o s c o p y  i n d i c a t e d  t h a t  l a c t a m
( 2 6 7 )  h a d  b e e n  p r o d u c e d  a s  o n e  d i a s t e r e o i s o m e r  o n l y .  
P a c k e d  c o l u m n  G . C .  a l s o  i n d i c a t e d  t h a t  T B D P S  e t h e r  ( 2 6 7 )  
was  p r e s e n t  as  a  s i n g l e  c o m p o u n d .
L a c t a m  ( 2 6 7 )  w a s  r e a d i l y  c o n v e r t e d  i n t o  a l c o h o l
( 2 5 4 ) .  S e l e c t i v e  d e p r o t e c t i o n  w i t h  1 M  m e t h a n o l i c  HC1 
f o l l o w e d  b y  r e a c t i o n  w i t h  p h e n o x y  a c e t y l  c h l o r i d e  g a v e
p h e n o x y  a c e t a m i d e  ( 2 6 8 )  i n  g o o d  y i e l d  ( 9 6 % ) .  S h a r p l e s s
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o x i d a t i o n  f o l l o w e d  b y  d i a z o m e t h a n e  t r e a t m e n t  o f  t h e  
r e s u l t i n g  c r u d e  a c i d  ( 2 6 9 )  g a v e  m e t h y l  e s t e r  ( 2 7 0 )  i n  
8 2 %  y i e l d  f o r  t h e  t w o  s t e p s .  D e s i l y l a t i o n  w i t h  T B A F  
g a v e  a l c o h o l  ( 2 5 4 )  i n  8 9 %  y i e l d .  T h e  o v e r a l l  y i e l d  o f  
5 9 %  f o r  t h e s e  s t e p s  r e p r e s e n t s  a s i g n i f i c a n t  i m p r o v e m e n t  
on  t h e  o v e r a l l  y i e l d  o f  4 8 %  o b t a i n e d  f o r  t h e  c o n v e r s i o n  
o f  O - T B D M S  i m i n e  ( 2 3 0 )  i n t o  a l c o h o l  ( 2 5 4 ) .
F i n a l l y  i m i n e  ( 2 6 3 )  w a s  r e a c t e d  w i t h  t h e  l i t h i u m
e s t e r  e n o l a t e  f r o m  m e t h y l  2 - m e t h y  l p r o p i o n a t e .  T h i s
g a v e  3 , 3 - d i m e t h y l  p - l a c t a m  ( 2 7 1 )  i n  6 3 %  y i e l d ,  a l o n g
w i t h  t h e  r e c o v e r y  o f  3 2 %  o f  a l d e h y d e  ( 2 6 4 ) .  A g a i n ,
1 1 3b o t h  H a n d  J C N M R  s p e c t r o s c o p y  i n d i c a t e d  t h a t  l a c t a m  
(2 71 )  h a d  b e e n  p r o d u c e d  as  o n e  d i a s t e r e o i s o m e r .  P a c k e d  
c o l u m n  G . C .  a l s o  s u g g e s t e d  t h a t  a z e t i d i n o n e  ( 2 7 1 )  w a s  
p r e s e n t  as  a s i n g l e  c o m p o u n d .
I t  c a n  b e  c o n c l u d e d  t h a t  O - T B D P S  i m i n e  ( 2 6 3 )  m a y  
w e l l  a l l o w  t h e  s y n t h e s i s  o f  s y n t h e t i c a l l y  u s e f u l  (5- 
l a c t a m s  w i t h  e v e n  g r e a t e r  d i a s t e r e o s e l e c t i v i t i e s  t h a n  
t h o s e  o b s e r v e d  f o r  t h e  r e a c t i o n s  o f  O - T B D M S  i m i n e  ( 2 3 0 ) .  
H o w e v e r ,  c o n f i r m a t i o n  o f  t h e  h i g h  D . E ’ s a p p a r e n t l y  
o b s e r v e d  f o r  t h e  r e a c t i o n s  o f  i m i n e  ( 2 6 3 )  i s  c l e a r l y  
n e e d e d .  I n  t h e  l i g h t  o f  p r e v i o u s  e x p e r i e n c e  ( w i t h
O - T B D M S  c o m p o u n d s )  t h i s  w o u l d  be  b e s t  a c h i e v e d  b y  u s i n g  
c a p i l l a r y  G . C .
I n  c o n c l u s i o n  O - p r o t e c t e d  i m i n e s  ( 2 7 2 )  r e p r e s e n t  
e x c e l l e n t  s t a r t i n g  m a t e r i a l s  f o r  t h e  s y n t h e s i s  o f  a 
r a n g e  o f  u s e f u l  a z e t i d i n o n e s  o f  h i g h  o p t i c a l  p u r i t y .  
F u t u r e  w o r k  o n  e x t e n d i n g  t h i s  a p p r o a c h  t o  a l l o w  t h e  
s y n t h e s i s  o f  C - 3  m o n o - a l k y l a t e d  P - l a c t a m s  c o u l d  b e  
p a r t i c u l a r l y  r e w a r d i n g .
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E x p e r i m e n t a l
M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  o n  a K o f l e r  h o t
s t a g e  m e l t i n g  p o i n t  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .
B u l b  t o  b u l b  d i s t i l l a t i o n s  w e r e  c a r r i e d  o u t  o n  a B u c h i
G K R - 5 0  K u g e l r o h r .  R e c o r d e d  b o i l i n g  r a n g e s  r e f e r  t o  t h e
i n d i c a t e d  a i r - b a t h  t e m p e r a t u r e .  N M R  s p e c t r a  w e r e
r e c o r d e d  o n  a B r u k e r  W P 2 0 0  S Y  or  A M  2 0 0  s p e c t r o m e t e r ,
b o t h  o p e r a t i n g  a t  2 0 0  M H z .  N M R  s p e c t r a  w e r e
r e c o r d e d  o n  a B r u k e r  W P  2 0 0  S Y  s p e c t r o m e t e r  o r  o n  a
B r u k e r  A M  2 0 0  s p e c t r o m e t e r  , b o t h  o p e r a t i n g  a t  5 0 M H z .
C h e m i c a l  s h i f t s  a r e  r e p o r t e d  i n  p a r t s  p e r  m i l l i o n  ( 8 )
r e l a t i v e  t o  M e ^ S i  ( 0 . 0 0  p p m ) ,  u s i n g  M e ^ S i  o r  t h e  7 . 2 5
r e s i d u a l  c h l o r o f o r m  p e a k  a n d  t h e  7 7 . 0  p p m  C D C l ^  p e a k  as
1 1 3i n t e r n a l  r e f e r e n c e s  f o r  H a n d  C N M R  s p e c t r a
r e s p e c t i v e l y .  N M R  d a t a  a r e  r e p o r t e d  u s i n g  t h e
f o l l o w i n g  c o n v e n t i o n :  s = s i n g l e t ,  d = d o u b l e t ,  t =
t r i p l e t ,  q  = q u a r t e t ,  m  = m u l t i p l e t .  T h e
m u l t i p l i c i t i e s  o f  a l l  t h e  X J C s p e c t r a l  r e s o n a n c e s  w e r e
7 Qd e t e r m i n e d  b y  t h e  u s e  o f  D E P T  s p e c t r a  7 w i t h  p u l s e  
a n g l e s ,  0 = 9 0 °  a n d  1 3 5 ° .  I n f r a - r e d  s p e c t r a  w e r e
d e t e r m i n e d  o n  a P e r k i n - E l m e r  5 8 0  s p e c t r o m e t e r .  L o w
r e s o l u t i o n  m a s s  s p e c t r a  w e r e  d e t e r m i n e d  o n  a V G  u p g r a d e d  
M S 1 2  i n s t r u m e n t  a n d  h i g h  r e s o l u t i o n  m a s s  s p e c t r a  w e r e  
d e t e r m i n e d  o n  a M S  9 0 2 S .  E l e m e n t a l  a n a l y s e s  w e r e
p e r f o r m e d  o n  a C a r l o  E r b a  1 1 0 6  e l e m e n t a l  a n a l y s e r .  
C a p i l l a r y  G C  w a s  c a r r i e d  o u t  o n  a H e w l e t t - P a c k a r d  5 8 8 0 A  
G . C .  f i t t e d  w i t h  a 2 5 m x O - 3 2 m m  I . D . C P  S i l  5 C B  f u s e d -  
s i l i c a  c a p i l l a r y .  P a c k e d  c o l u m n  G . C .  w a s  c a r r i e d  o u t
on  a P e r k i n - E l m e r  F 3 3  G . C .  f i t t e d  w i t h  a 6 f t .  1% O V - 1
GCQ 1 0 0 / 1 2 0  m e s h  p a c k e d  c o l u m n .
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R e a c t i o n s  w e r e  n o r m a l l y  c a r r i e d  o u t  u n d e r  a n  
a t m o s p h e r e  o f  n i t r o g e n .  A l l  s o l v e n t s  a n d  r e a g e n t s  u s e d  
w e r e  a n a l y t i c a l  g r a d e  w h e r e  p o s s i b l e .  T H F  a n d  e t h e r  
w e r e  d i s t i l l e d  f r e s h l y  f r o m  s o d i u m / b e n z o p h e n o n e k e t y l . 
A l l  o f  t h e  f o l l o w i n g  r e a g e n t s / s o l v e n t s  w e r e  s t o r e d ,
a f t e r  p u r i f i c a t i o n ,  o v e r  4 X m o l e c u l a r  s i e v e s ,  u n d e r
n i t r o g e n  : d i c h l o r o m e t h a n e  ( d i s t i l l e d  f r o n  C a H 2 ) ;
b e n z e n e  ( d i s t i l l e d  f r o m  P 2 ^ 5  anc* f i l t e r e d  t h r o u g h  G r a d e  
1 b a s i c  a l u m i n a ) ;  p h e n o x y  a c e t y l  c h l o r i d e ;  p y r i d i n e  a n d  
d i i s o p  r  o p  y 1 a m  i n  e ( b o t h  d i s t i l l e d  f r o m  K O H ) .  
T r i e t h y l a m i n e  w a s  d i s t i l l e d  f r o m  a n d  s t o r e d  o v e r  K O H .  
A l l  c o l u m n  c h r o m a t o g r a p h y  w a s  c a r r i e d  o u t  u s i n g  t h e  d r y  
c o l u m n  f l a s h  c h r o m a t o g r a p h y  t e c h n i q u e  d e s c r i b e d  b y
H a r w o o d . ^  A l l  o r g a n i c  s o l u t i o n s  w e r e  d r i e d  o v e r
s o d i u m  s u l p h a t e .  L i g h t  p e t r o l  r e f e r s  t o  t h a t  f r a c t i o n
b o i l i n g  b e t w e e n  4 0  a n d  6 0 ° C .
(170)
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[ ( 2 , 2 - D i m e t h y l  - 1 , 3 - d i o x o l a n - 4 - y l ) m e t h y l ] a m i n e  ( 1 7 0 ) .
( i )  F r o m  T o s y l a t e  ( 2 7 3 ) . ^
T o s y l a t e  ( 2 7 3 )  ( 1 5 . 0 1 g ,  5 2 . 4 8 m m o l )  a n d  l i q u i d
a m m o n i a  ( 3 0 m l )  w e r e  p l a c e d  in  a s e a l e d  t u b e  at  - 7 8 ° C  a n d  
t he  r e a c t i o n  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  98  h .
A f t e r  e v a p o r a t i o n  o f  t h e  a m m o n i a  a n h y d r o u s  e t h e r
( 1 0 0 m l )  w a s  a d d e d  a n d  t h e  a m m o n i u m  p _ - t o l u e n e s u l p h o n a t e  
r e m o v e d  b y  f i l t r a t i o n .  C a r e f u l  c o n c e n t r a t i o n  i n  v a c u o  
g a v e  t h e  c r u d e  p r o d u c t .
D i s t i l l a t i o n  g a v e  a m i n e  ( 1 7 0 )  ( 3 . 6 4 g ,  2 7 . 8 m m o l ,
5 3 % )  as  a c l e a r  o i l ,  b . p .  1 0 2 ° C / 1 8 m m  H g .
( i i )  F r o m  P h t h a l i m i d e  ( 2 1 2 )
(a )  H y d r a z i n e  C l e a v a g e
N_- a l ky  l p h t h a l i m i d e  ( 2 1 2 )  ( 6 0 1 m g ,  2 . 3 0 m m o l )  w a s
d i s s o l v e d  i n  a b s o l u t e  e t h a n o l  ( 2 0 . 0 0 m l )  a n d  h y d r a z i n e  
h y d r a t e  ( 0 . 1 4 m l ,  2 . 6 9 m m o l )  w a s  a d d e d ,  w i t h  s t i r r i n g ,  a t
r o o m  t e m p e r a t u r e .  T h e  s y s t e m  w a s  b r o u g h t  t o  r e f l u x
o v e r  3 0  m i n ,  b y  w h i c h  t i m e  c o p i o u s  a m o u n t s  o f  a w h i t e
p r e c i p i t a t e  h a d  f o r m e d .  T h e  r e a c t i o n  w a s  s t i r r e d  a t
r e f l u x  f o r  a f u r t h e r  8 h  a n d  t h e n  a l l o w e d  t o  c o o l  t o
r o o m  t e m p e r a t u r e .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n  a d d e d  
t o  e t h e r  ( 5 0 m l )  a n d  t h e  r e s u l t i n g  s l u r r y  f i l t e r e d  
t h r o u g h  C e l i t e .  T h e  e t h e r  w a s  c a r e f u l l y  r e m o v e d  i n  
v a c u o  a n d  t h e n  t h e  e t h a n o l  w a s  s e p a r a t e d  f r o m  t h e  a m i n e  
by  d i s t i l l a t i o n .  T h i s  g a v e  t h e  d e s i r e d  a m i n e  ( 1 7 0 )  
( 1 0 7 . 4 m g ,  0 . 8 1 m m o l ,  3 5 % )  as  a c l e a r  o i l ,  b . p .  8 2 ° C / 2 0 m m
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H g .
(b)  M e t h y l  H y d r a z i n e  C l e a v a g e
N - a l k y l p h t h a l i m i d e  ( 2 1 2 )  ( 6 0 9 m g ,  2 . 3 3 m m o l )  w a s
d i s s o l v e d  i n  d i c h 1 o r  o m e t h a n e ( 2 5 . 0 m l )  a n d  
m e t h y l h y d r a z i n e  ( 1 4 9 p . L ,  2 . 8 0 m m o l )  w a s  a d d e d ,  w i t h
s t i r r i n g  a t  r o o m  t e m p e r a t u r e .  T h e  s y s t e m  w a s  b r o u g h t  
to r e f l u x  o v e r  3 0  m i n ,  b y  w h i c h  t i m e  c o p i o u s  a m o u n t s  o f  
a w h i t e  p r e c i p i t a t e  h a d  f o r m e d .  T h e  r e a c t i o n  w a s
s t i r r e d  a t  r e f l u x  f o r  a f u r t h e r  8 h  a n d  t h e n  a l l o w e d  to  
c o o l  t o  r o o m  t e m p e r a t u r e .  T h e  r e a c t i o n  m i x t u r e  w a s
t h e n  f i l t e r e d  t h r o u g h  C e l i t e  a n d  t h e  s o l v e n t  c a r e f u l l y  
r e m o v e d  i n  v a c u o . T h i s  g a v e  t h e  c r u d e  p r o d u c t .
P u r i f i c a t i o n  b y  d i s t i l l a t i o n  g a v e  p u r e  a m i n e  ( 1 7 0 )  
( 2 8 7 . 7 m g ,  2 . 1 7 m m o l ,  9 3 % )  as  a c l e a r  o i l ,  b . p t .  8 2 ° C / 2 0 m m  
H g .
v m a x  ( CH C 1 3 ) 3 6 7 0  c m - 1 , 3 4 0 0  c m -1
F o u n d :  M + 1 3 1 . 0 9 5 8 .  C 6 H 13N 0 2 r e q u i r e s  1 3 1 . 0 9 4 6 2 .
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C (P.P.M) M ultip l ic i ty
C(CH3 )2 108.38 s
CHO 76.79 d
CH20 66.30 t
CH2N 44.12 t
CH^  26.24 q
CH3 24.74 q
H (P.P.M) J(Hz) M ult ip l ic i ty
CHO 3.82 - m
ch2o
3.74
I
CH2N - 2 .49
tY\
NH2 1.17 - s
CH3 1.12 - s
CH^  1.06 - s
(210)
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N -  [ ( Z - 2 - P e n t e n e - 2 - y l ) m e t h y l e n e ] - ( 2 , 2 - d i m e t h y l - l , 3 -  
d i o x o l a n - 4 - y l ) m e t h a n a m i n e  ( 210).
O v e n  d r i e d  p o t a s s i u m  c a r b o n a t e  ( 2 . 5 0 g )  w a s  p l a c e d  
in a d r y ,  r o u n d  b o t t o m e d  f l a s k  a n d  a m i n e  ( 1 7 0 )  ( 3 0 1 m g ,  
2 . 2 9 m m o l )  i n  e t h e r  ( 1 5 . 0 m l )  w a s  a d d e d ,  f o l l o w e d  b y  
f r e s h l y  d i s t i l l e d  a l d e h y d e  ( 1 9 4 ) ^  ( 2 2 4 m g ,  2 . 2 9 m m o l )  i n
e t h e r  ( 1 5 . 0 m l ) .
A f t e r  s t i r r i n g  f o r  14 h ,  t h e  r e a c t i o n  w a s  h a l t e d  
a n d  t h e  p o t a s s i u m  c a r b o n a t e  w a s  r e m o v e d  b y  f i l t r a t i o n .  
C o n c e n t r a t i o n  i n  v a c u o  f o l l o w e d  b y  p u r i f i c a t i o n  b y  b u l b -  
t o - b u l b  d i s t i l l a t i o n  g a v e  i m i n e  ( 2 0 9 )  ( 4 4 1 m g ,  2 . 0 8 m m o l ,
9 1 % ) ,  as  a c l e a r  o i l ,  b . p .  1 0 0 ° C / 2 m m  H g .
v m a x  ( CH C 1 3 ) 1 6 4 0  c m " 1 , 1 6 3 0  c m " 1 
F o u n d  : M + , 21  1 . 1 5 4 9 .  C 1 2 H 2 1 N ° 2  r e q u i r e s
2 1 1 . 1 5 7 2 2 .
50
c (p. P.M) M u l t i p l i c i t y
HC=N 167.748 d
gh2ch=c 144.282 d
c( ch3 )=ch- 135.098 3
C(CH-)2 109.10 S
CHO 75.56 d
gh2o 67.69 t
CH?N
c(ch3 )2
63.52
26.72
t
q
c( ch3 )2 25.65 q
ch2gh3 21.69 t
CCH3=CH- 13.35 q
CH2 CH3 11.25 q
H (P.P.M) J(Hz) M u l t i p l i c
CH=N 7.77 - s
ch2ch=c 5.83
4.28
7.00 t
CH2° )  
CH2N ) t
3.58
1*1
CHO 3.50 - m
CH0CH, 2.20 7.06, 7.51 d,q
G(GH3 )=C 1.86 - s
C(CH3 )2 1.36 -
C(GH3 )2 1.31 - 3
CH2CH3 0.97 7.54 t
OH
(211)
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( 2 , 2 - D i m e t h y l  - 1 , 3 - d i o x o l  a n - 4 - y l ) m e t h a n o l  ( 2 1 1 )
(A)  H o m o c h i r a l ^ 7B
1 , 2 , 5 , 6 - d i a c e t o n e m a n n i t o l  ( 1 . 9 0 g ,  7 . 3 0  m m o l ) ,
p r e p a r e d  b y  t h e  p r o c e d u r e  o f  B a e r ^ ^ ^ ,  w a s  a d d e d  o v e r  5 
m i n  t o  a n  a q u e o u s  s o l u t i o n  o f  s o d i u m  p e r i o d a t e  
( 2 . 2 0 g ,  1 1 . 4 0  m m o l ,  i n  3 2 . 0 m l  o f  w a t e r )  at  0 ° C  a n d  w i t h  
c o n t i n u o u s  s t i r r i n g .  A f t e r  s t i r r i n g  f o r  a f u r t h e r  5 
m i n .  s o d i u m  b o r o h y d r i d e  ( 0 . 6 4 g ,  1 6 . 8  m m o l ) ,  w a s  a d d e d
s l o w l y  a n d  i n  s m a l l  p o r t i o n s  ( t o  a v o i d  f o a m i n g )  t o  t h e  
r e a c t i o n .  T h e  r e a c t i o n  w a s  a l l o w e d  to  s t i r  a t  0 ° C  f o r
a f u r t h e r  3 h ,  w h e r e u p o n  t h e  r e a c t i o n  m i x t u r e  w a s  
n e u t r a l i s e d  w i t h  1 0 %  a c e t i c  a c i d .  T h e  r e s u l t i n g
a q u e o u s  s o l u t i o n  w a s  s a t u r a t e d  w i t h  s o d i u m  c h l o r i d e ,  
f i l t e r e d  a n d  t h e n  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 4  x 
2 0 m l ) .  T h e  c o m b i n e d  o r g a n i c  e x t r a c t s  w e r e  d r i e d  a n d  
the  s o l v e n t  r e m o v e d  i n  v a c u o  to  g i v e  t h e  c r u d e  p r o d u c t .
D i s t i l l a t i o n  f u r n i s h e d  p u r e  a l c o h o l  ( 2 1 1 )  ( 1 . 5 1 g ,
11.51 m m o l ,  7 9 % )  as  a c l e a r  o i l ,  b . p .  8 1 ° C / 1 0 m m  H g .
90
[a]£> + 1 4 . 2 °  ( c .  1 . 5 9 ,  i n  E t O H )
{ l i t . 6 7 B  [ a ] D 2 0  + 1 4 . 5  )c .  1 . 0 ,  i n  E t O H ) }
(A)  R a c e m i c ^ 7
A c e t o n e  ( 1 5 0 . 0 m l ,  1 1 8 . 6 g ,  2 . 0 4  m o l e s )  a n d  g l y c e r o l
( 5 1 . 3 g ,  0 . 5 6  m o l e s )  w e r e  p l a c e d  i n  a D e a n  a n d  S t a r k
a p p a r a t u s ,  a l o n g  w i t h  l i g h t  p e t r o l  ( 1 5 0 m l )  a n d  
p - t o l u e n e s u l p h o n i c  a c i d  ( 1 . 4 9 g ,  8 . 5  m m o l e s ) .  T h e
s y s t e m  w a s  h e a t e d  u n d e r  r e f l u x  u n t i l  n o  m o r e  w a t e r  
c o l l e c t e d  ( 2 4 h ) .  I t  w a s  t h e n  a l l o w e d  t o  c o o l  t o  r o o m  
t e m p e r a t u r e  w h e r e u p o n  o v e n - d r i e d  s o d i u m  a c e t a t e  ( 3 . 0 8 g ,  
51 m m o l e s )  w a s  a d d e d .  A f t e r  s t i r r i n g  f o r  1 h ,  t h e
52
r e a c t i o n  m i x t u r e  w a s  f i l t e r e d  w i t h  s u c t i o n ,  t h r o u g h  
C e l i t e  a n d  t h e  s o l v e n t s  r e m o v e d  i n  v a c u o .
P u r i f i c a t i o n  b y  d i s t i l l a t i o n  g a v e  a l c o h o l  ( 2 1 1 )  
( 5 8 . 6 3 g ,  0 . 4 5  m m o l ,  8 0 % )  as  a c l e a r  o i l ,  b . p .  6 0 ° C / 6 m m  
H g .
v m a x  ( C H C 1 3 ) 3 4 5 0  c m ' 1 .
F o u n d  : M + - M e ,  1 1 7 . 0 5 5 3 .  C 6 H 1 2 ° 3  " M e  reclu i r es
1 1 7 . 0 5 5 1 7 .
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C 6(P.P.M) Multiplicity
C(CH3)2 109.26 s
CHO 76.07 d
CH20 65.67 t
CH 0 62.90 tA
CH3 26.58 q
CH 25.15 qJ
H 6(P.P.M) J (H z ) Multiplicity
CHO 4.18 - m
3.99
ch2° i m .r
3.54
1.38
1.32
s
s
0
(212)
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N_-( 2 , 2 - D i m e t h y l -  l , 3 - d i o x o l a n - 4 - y l ) m e t h y l p h t h a l i m i d e  
( 2 1 2 )
T o  a s t i r r e d  s o l u t i o n  o f  a l c o h o l  ( 2 1 1 )  ( 2 . 0 0 g ,
1 5 .  1 5 m m o l )  i n  T H F  ( 4 0 m l )  u n d e r  N 2 , w a s  a d d e d
s e q u e n t i a l l y  ( 3 . 8 9 g ,  1 4 . 8 3 m m o l ,  i n  4 0 m l  T H F ) ,
p h t h a l i m i d e  ( 2 . 2 3 g ,  1 5 . 1 5 m m o l  i n  4 0 m l  T H F )  a n d  d i e t h y l
a z o d i c  a r b o x y  1 a t e  ( 2 . 9 0 g ,  2 . 6 3 m l ,  1 6 . 6 7  m m o l ) .  A f t e r
s t i r r i n g  f o r  7 2  h ,  t h e  s o l v e n t  w a s  r e m o v e d  i n  v a c u o  to  
y i e l d  a y e l l o w ,  s e m i s o l i d  m a t e r i a l .  E t h e r / h e x a n e  ( 1 : 1 ,  
5 0 m l )  w a s  a d d e d  a n d  t h e  r e s u l t i n g  w h i t e  s o l i d  w a s  
r e m o v e d  b y  f i l t r a t i o n .  T h i s  s o l i d  w a s  w a s h e d  w i t h
e t h e r / h e x a n e  ( 1 : 1 ,  2 5 0 m l ) .  T h e  c o m b i n e d  f i l t r a t e s  w e r e  
c o n c e n t r a t e d  t o  g i v e  a y e l l o w  o i l  w h i c h  s o l i d i f i e d
s l o w l y  o n  s t a n d i n g .  C o l u m n  c h r o m a t o g r a p h y  f o l l o w e d  b y  
r e c r y s t a l l i s a t i o n  ( e t h e r / h e x a n e )  g a v e  p h t h a l i m i d e  ( 2 1 2 )  
( 3 . 6 5 g ,  1 4 . 8 3 m m o l ,  9 1 % )  a s  a w h i t e  s o l i d ,  m . p .  1 0 5 -
1 0 6 ° C .
v m a x  <C H C 1 3> 1 7 4 0  c m " 1 , 1 715  c m " 1 .
F o u n d  : M - M e ,  2 4 6 . 0 7 6 4 .  C 1 4 H 1 5 N 0 4 - M e  r e q u i r e s
2 4 6 . 0 7 6 6 3 .
F o u n d  : C 6 4 . 3 1 ;  H 5 . 7 6 ;  N  5 . 3 5 % .  C j 4 H j ^ N 0 4
r e q u i r e s  C 6 4 . 3 6 ,  H 5 . 7 9 ;  N .  5 . 3 6 % .
55
c
NCO
(P.P.M)
168.18
C H (A r ) 133.99
0 =  C -  C (Ar ) 131.91
C H (A r ) 123.32
c( ch3 )2 109.78
CHO 73.24
ch2o 67.27
ch2n 40.89
ch3 26.77
CH, 25.30
H ( P . P . M )
a ~C6H5 7.83
e - c6h5 7.70
CHO 4.42
CH2° )
4.05
t
ch2n ) i
3.69
ch3 1.41
CH,
j
1.28
M u l t i p l i c i t y
s
d
s
d
s
d
t
t
q 
q
J(Hz)  M u l t i p l i c i t y
5.47, 3.10 d,d
5.47, 3.09 d,d
m
m
s
s
H H
P h C K T  f
0
(213)
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c i s  - l - [ ( 2 , 2 - D i m e t h y l - l , 3 - d i o x o l a n - 4 - y l ) m e t h y l ] - 4 -  
[ l - m e t h y l p r o p e n - l - y l ] - 3 - p h e n o x y - 2 - a z e t i d i n o n e  ( 2 1 3 ) .
T o  a s t i r r e d  s o l u t i o n  o f  i m i n e  ( 2 1 0 )  ( l . O O g ,  
4 . 7 4 m m o l )  i n  C H 2 C I 2  ( 5 . 5 m l )  u n d e r  n i t r o g e n  w e r e  a d d e d  
s e q u e n t i a l l y  t r i e t h y l  a m i n e  ( 2 . 0 0 m l ,  1 4 . 2 2 m m o l ,  3
e q u i v a l e n t s )  a n d  p h e n o x y  a c e t i c  a c i d  [ 0 . 7 2 g ,  4 . 7 4 m m o l ,  i n
C H 2 C l 2 ( 5 . 5 m l ) ] .  F i n a l l y  p h e n y l  d i c h l o r o p h o s p h a t e
( 0 . 7 1 m l ,  4 . 7 4 m m o l )  w a s  a d d e d  d r o p w i s e  o v e r  5 m i n .
T h e  r e a c t i o n  w a s  s t i r r e d  f o r  24  h w h e r e u p o n  i t  w a s  
w a s h e d  w i t h  w a t e r  ( 4 0 m l )  a n d  d r i e d .  C o n c e n t r a t i o n  a n d
p u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  y i e l d e d  c i s - B - l a c t a m  
( 2 1 3 )  ( 1 . 3 6 g ,  3 . 9 4 m m o l ,  8 3 % )  as  a c l e a r ,  v i s c o u s  o i l .
C a p i l l a r y  G C  o f  c o m p o u n d  ( 2 1 3 )  t h u s  p r e p a r e d  
s h o w e d  i t  t o  b e  a 1 . 4 5 : 1  m i x t u r e  o f  d i a s t e r e o i s o m e r s .
v m a x  ( C H C 1 3 ) 1 7 5 0  c m ' 1
F o u n d  : M + , 3 4 5 . 1 9 3 4 .  C 2 0 H 2 7 N O 4 r e 9 u i r e s
3 4 5 . 1 9 4 0 0 9 .
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C
2
0-C(Ar) 
C= CH- CH,
m- CgH5
C(CH-) = CH 3
H - c6 H5
—“C6H5 
c( ch3 )2
3
CHO
ch2o
ch2n
c( ch3 )2
CH0 CH-2 3
c( ch3 )=ch
CH0 CH™2 2
(P.P.M) Multipl
166.32 s
165.73 s
156.90 s
133.23 d
135.11 d
129.15 d
129.02 d
127.65 s
127.60 s
121.64 d
121.60 d
115.15 d
115.11 d
109.51 s
109.26 s
81.55 d
81.42 d
74.11 d
72.89 d
67.05 d
66.84 d
66.43 d
66.20 d
43.61 t
42.54 t
26.82 q
26.56 q25.00 q24.81 q
20.79 t
13.27 q
13.24 q
12.62 q
12.53 q
58
H (P.P.M) J(Hz)  M u l t i p l i c i t y
m-CgH^  7 . ?2-7.08 - m
- ‘ C6H5 6.96-6.78 - m
2 - C 6 H5
C(CH3 )=GH 5.4-6 7.18 t
3 5.30 4.58 d
3.29 4.53 d
4.45 4.56 d
4
4.38 4.62 d
CHO 4.23 - m
4 .02
ch2o
ch2n
2.83
CH2CH3 1.93  7.58, 7.23 d,q
C( CE* )=CH 1.54 -  sj
1.39 - s
C(CH3 )2 1.35 - s
1.27 - s
CH2CH3 0.76 7.58 t
(215)
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c i s  - l - [ ( 2 , 2 - D i m e t h y l - l , 3 - d i o x o l a n - 4 - y l ) m e t h y l ] - 3 -  
[ ( a - m e t h y l - P - e t h o x y c a r b o n y l ) v i n y l a m i n e ] - 4 - [ ( l -  
m e t h y l p r o p e n - l - y l ] - 2 - a z e t i d i n o n e  ( 2 1 5 ) .
T o  f r e s h l y  p r e p a r e d 7 ® D a n e  s a l t  ( 2 1 4 )  ( 3 3 8 m g ,
1 . 5 0 2 m m o l )  i n  C H 2 C I 2  ( 4 m l )  in  a d r y  r o u n d  b o t t o m e d  f l a s k  
w i t h  s i d e  a r m ,  u n d e r  n i t r o g e n ,  w a s  a d d e d ,  w i t h  s t i r r i n g ,  
t r i e t h y  l a m i n e  ( 0 . 5 9 m l ,  4 . 5 1 m m o l ,  3 e q u i v a l e n t s )  f o l l o w e d
by i m i n e  ( 2 1 0 )  ( 3 1 7 . Omg,  1 . 5 0 2 m m o l )  i n  C H 2 C I 2 ( 4 m l ) .
T h e  r e a c t i o n  m i x t u r e  w a s  c o o l e d  to  0 ° C  a n d  p h e n y l  
d i c h l o r o p h o s p h a t e  ( 0 . 2 2 m l ,  1 . 5 0 m m o l )  w a s  a d d e d  d r o p w i s e .
T h i s  m i x t u r e  w a s  s t i r r e d  f o r  14 h a t  r o o m  t e m p e r a t u r e
w h e r e u p o n  i t  w a s  w a s h e d  s e q u e n t i a l l y  w i t h  w a t e r  ( 2  x
5 m l )  a n d  5 %  s o d i u m  b i c a r b o n a t e  s o l u t i o n  ( 8 m l ) .  T h e  
o r g a n i c  e x t r a c t  w a s  d r i e d  a n d  c o n c e n t r a t e d  i n  v a c u o : 
p u r i f i c a t i o n  o f  t h e  c r u d e  p r o d u c t  b y  c h r o m a t o g r a p h y  g a v e  
l a c t a m  ( 2 1 5 )  ( 4 9 8 . 4 m g ,  1 . 3 1 0 m m o l ,  8 7 % )  a s  a c l e a r
v i s c o u s  o i l .
C a p i l l a r y  G . C .  s h o w e d  t h a t  c o m p o u n d  ( 2 1 5 )  w a s  a 
1 . 7 : 1  m i x t u r e  o f  d i a s t e r e o i s o m e r s .
v m a x  <C H C 1 3> 3 2 3 0  c m " 1 , 1 765  c m " 1 1 6 6 0  c m " 1 1 
6 1 0  c m " 1 .
F o u n d :  M  + , 3 8 0 . 2 3 1 0 .  C 2 0 H 3 2 N 2 ° 5  r e q u i r e s
3 8 0 . 2 3 1  1 2 .
M ultip l ic i ty
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H
NH
C=CHCH.
C=CHCO,
(P.P.M)
8.70
5.42
4.85
4.85 
4.45 
4.34
4.27
J (Hz)
9.30
7.03
5.08, 9.31 
5.02, 9.28
4.99
4.96
Multiplicity
d
t
d , d
d,d
s
d
CHO
C02CH2CH3
CH2°
c h 2n
c=c -c h 2-c h 3
C=C-CH.
C(CH3>2
CH2CH3
4.19
3.98
3.98
3.65
2.85 
2.08
1.86
1.54
1.37
1.32
1.26
1.25
1.14
0.94
7.16
7.20
7.08, 7.53
7.29
7.50
d , q
o /
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3 , 4 - D i h y d r o - 3 , 3 - d i m e t h y l  - 1 - [ ( 2 , 2 - d i m e t h y l  - 1 , 3 -  
d i o x o l a n - 4 - y l ) m e t h y l ] - 4 - e t h y l - 5 - m e t h y l - 2 - p y r i d o n e  ( 2  1 6 )
T o  a d r y  r o u n d  b o t t o m  f l a s k  w i t h  s i d e  a r m ,  u n d e r  
n i t r o g e n ,  w a s  a d d e d  T H F  ( 3 m l )  a n d  d i i s o p r o p y l a m i n e  
( 0 . 1 8 6 m l ,  1 . 3 2 8  m m o l ) .  T h i s  s o l u t i o n  w a s  c o o l e d  to  0 ° C
a n d  n - b u t y l l i t h i u m  ( 0 . 8 9 m l  o f  a 1 . 4 9 M  s o l u t i o n  i n  
h e x a n e s ,  1 . 3 3 m m o l )  w a s  a d d e d  d r o p w i s e ,  o v e r  5 m i n ,  w i t h  
v i g o r o u s  s t i r r i n g .  T h i s  s o l u t i o n  w a s  s t i r r e d  f o r  a
f u r t h e r  1 5  m i n  a t  0 ° C ,  w h e r e u p o n  m e t h y l  2 -  
m e t h y l p r o p i o n a t e  ( 0 . 1 3 2 g ,  0 . 1 3 6 m l ,  1 . 3 0 3 m m o l )  w a s  a d d e d
o v e r  5 m i n .
A f t e r  s t i r r i n g  f o r  a f u r t h e r  3 0  m i n  a t  0 ° C  t h e  
f l a s k  w a s  c o o l e d  t o  - 7 8 ° C  a n d  i m i n e  ( 2 1 0 )  ( 2 5 5 . 5 m g ,
1 . 2 0 7 m m o l )  i n  T H F  ( 1 0 m l )  w a s  a d d e d  d r o p w i s e  o v e r  5 m i n .
T h e  c o o l i n g  b a t h  w a s  a l l o w e d  t o  w a r m  s l o w l y  to  
r o o m  t e m p e r a t u r e  o v e r  4 - 5 h ,  a n d  t h e  r e a c t i o n  w a s  t h e n  
s t i r r e d  f o r  a n  a d d i t i o n a l  11 h a t  r o o m  t e m p e r a t u r e .  I t  
w a s  t h e n  d i l u t e d  w i t h  e t h e r  ( 2 5 m l )  a n d  w a s h e d  
s e q u e n t i a l l y  w i t h  1 0 %  a q u e o u s  a c e t i c  a c i d  (3 x 2 0 m l ) ,  
s a t u r a t e d  s o d i u m  b i c a r b o n a t e  s o l u t i o n  ( 2  x 2 5 m l )  a n d  
b r i n e  ( 2 5 m l ) .  T h e  o r g a n i c  l a y e r  w a s  d r i e d  a n d
c o n c e n t r a t e d  i n  v a c u o .
P u r i f i c a t i o n  b y  c o l u m n  c h r o m a t o g r a p h y  g a v e  p u r e  
p v r i d o n e  ( 2 1 6 )  ( 2 6 1 . 5  mg 0 . 9 2 9 m m o l ,  7 7 % )  a s  a c l e a r
v i s c o u s  o i l ,  a l o n g  w i t h  a l d e h y d e  ( 1 9 4 )  ( 1 4 . 5  mg 0 . 1 4 8
m m o l ,  1 2 %) .
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C a p i l l a r y  G . C .  o f  p y r i d o n e  ( 2 1 6 )  s h o w e d  it  
2 :1  m i x t u r e  o f  d i a s t e r e o i s o m e r s .
v m a x  ( C H C l j )  3 3 0 0  c m - * ( b r o a d ) ,  1 655  c m '  
F o u n d :  M  + , 2 8 1 . 1 9 7 6 .  C 1 6 H 2 7 N 0 3
2 8 1 . 1 9 9 0 9 .
to  b e  a
1
r e q u i r e s
64
(P.P.M) Multiplicity
NCO 175.29 s
N-CH=C 124.50 d
124.26 d
C=C-CH3 117.39 s
116.97 s
°2C(CH3)2 109.08 s
108.95 s
CHO 74.81 d
74.71 d
CH 0 67.19 t
67.08 t
CH-CH2CH3 49.71 d
49.50 d
CH N 48.29 t
47.82 t
CH-C(CH3>2 40.30 s
40.02 s
CH CH 29.67 t
a o
CH3 26.68 q
CH 26.46 q
CH3 26.11 q
CH3 25.47 q
CH3 25.30 q
CH2-CH3 21.57 t
CHg 21.24 q
CH3 21.37 q
CH3 20.33 q
CHg 19.88 q
CH3 10.77 q
CH3 9.68 q
65
H
NCH=C-
CHO
C»2°
CH2N
C=CCH
CHC=C
CH2 * c h :
CH3
CH3
CH3
CH3
CH3
CH3
CH3
CH.
(P.P.M)
5.92
5.89
4.20
3.97
V
3.42
1,74
1.72
1.68
1,45
1.40
1.40
1.39
1.39 
1.30 
1.26 
1.16 
1.10
J (Hz)
1.45
1.50
14.04, 5.02
1.50
1.52
Multiplicity
q
q
m
d,d
d
d
m
m
(217)
66
N - [ ( F u r a n - 2 - y l ) m e t h y l e n e ] - (  2 , 2 - d i m e t h y l  - 1 , 3 - d i o x o l a n -
4 - y l ) m e t h a n a m i n e  ( 2 1 7 )
O v e n  d r i e d  p o t a s s i u m  c a r b o n a t e  ( 2 . 0 0 g ,  1 4 . 5  m m o l )
w a s  p l a c e d  in  a d r y  r o u n d  b o t t o m e d  f l a s k  a n d  a m i n e  ( 1 7 0 )  
( 2 5 1 m g ,  1 . 9 1 m m o l )  i n  e t h e r  ( 1 0 m l )  w a s  a d d e d ,  f o l l o w e d  by
f r e s h l y  d i s t i l l e d  f u r f u r a l d e h y  d e  ( 1 8 2 m g ,  1 . 9 1  m m o l )  i n
e t h e r  ( 1 0 m l ) .
A f t e r  s t i r r i n g  f o r  14  h ,  t h e  p o t a s s i u m  c a r b o n a t e  
w a s  r e m o v e d  b y  f i l t r a t i o n .  C o n c e n t r a t i o n  i n  v a c u o
f o l l o w e d  b y  s h o r t - p a t h  d i s t i l l a t i o n  g a v e  p u r e  i m i n e
( 2 1 7 )  ( 3 9 1  m g ,  1 . 8 7  m m o l ,  9 8 % )  as  a c l e a r  o i l ,  b . p .
1 0 2 ° C / l m m  Hg.
v m a x  ( C H C 1 3 ) 1 6 4 0  c m ' 1
F o u n d :  M  + , 2 0 9 . 1 0 5 6 .  C 1 1 H 1 5 N ° 3  r e q u i r e s
2 0 9 . 1 0 1 5 6 .
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(P.P.M) Multiplicity
CH=N
Furan-2-C
Furan-5-C
Furan-3-C
Furan-4-C
C<CH3>2
CHO
CH2 °
CH2N
CH.
CH.
151.25
151.058
144.58 
114.20 
111.35 
108.98
74.99 
67.27
63.99
26.57
25.20
H
CH=N
Furan-5-H
Furan-3-H
Furan-4-H
CHO
CH2 °
c h2n
CH.
(P.P.M)
8.00
7.39
6,65
6.35
4.33
3.97
CH.
3.60
1.24
1.29
J (Hz)
1.71
3.42
3.43, 1.78
Multiplicity
s
d
d
d,d
m
Phoj  y
0
(218)
68
c i s  - 1 - [ ( 2 , 2 - D i m e t h y l  - 1 , 3  - d i o x o l a n - 4 - y l ) m e t h y l ] - 4 -  
( f u r a n - 2 - y l ) - 3 - p h e n o x y - 2 - a z e t i d i n o n e  ( 2 1 8 )
T o  a s t i r r e d  s o l u t i o n  o f  i m i n e  ( 2 1 7 )  ( 0 . 4 2 g ,
2 . 0 1 m m o l )  i n  C H 2 C I 2  ( 2 . 5 m l )  u n d e r  n i t r o g e n  w a s  a d d e d  
s e q u e n t i a l l y  t r i e t h y l  a m i n e  ( 0 . 8 5 m l ,  6 . 0 3 m m o l )  a n d
p h e n o x y a c e t i c  a c i d  ( 0 . 3 0 g ,  2 . 0 1 m m o l )  i n  C H 2 C l 2  ( 2 . 5 m l ) .
F i n a l l y  p h e n y l  d i c h l o r o p h o s p h a t e  ( 0 . 3 0 m l ,  2 . 0 1 m m o l )  w a s
a d d e d  d r o p w i s e  o v e r  5 m i n .
T h e  m i x t u r e  w a s  s t i r r e d  f o r  24  h w h e r e u p o n  i t  w a s  
w a s h e d  w i t h  w a t e r  ( 1 8 m l )  a n d  d r i e d  ( N a 2 SC>4 ).  R e m o v a l  
o f  s o l v e n t  g a v e  a t a r r y  s o l i d .
P u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  g a v e  c i s - | 3 - l a c t a m
( 2 1 8 )  ( 0 . 5 9 9 g ,  1 . 7 5 m m o l ,  8 7 % )  a s  a w h i t e ,  a m o r p h o u s
s o l i d .  R e p e a t e d  a t t e m p t s  t o  c r y s t a l l i s e  t h i s  s o l i d  w e r e  
u n s u c c e  s s  f u l .
C a p i l l a r y  G . C .  s h o w e d  t h a t  p - l a c t a m  ( 2 1 8 )  w a s  a 
1 . 4 : 1  m i x t u r e  o f  d i a s t e r e o i s o m e r s .
v m a x  ( C H C I 3 ) 1 7 6 0  c m ' 1
F o u n d :  M  + , 3 4 3 . 1 4 0 0 .  r e q u i r e s
3 4 3 . 1 4 1 9 7 .
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Furan-2-C
Furan-5-C
£ - C6H5
S - C6 H5
Furan-4-C
Furan-3-C
C<CH3)2
CHO
ch2°
ch2n
(P.P.M) Multiplicity
166.00 s
165.42
-O-C(Ar) 156.90
147.25 s
147.17 s
143.19 d
143.13 d
m-C-H 129.22 d— 6 5
122.10 d
122.02 d
115.39 d
115.31 d
110.77 d
110.66 d
110.59 d
109.81 s
109.51 s
82.16 d
82.09 d
74.36 d
72.95 d
67.07 t
66.95 t
57.25 d
56.84 d
43.76 t
42.65 t
CH3 26.78 q
CHg 26.70 q
CHg 25.17
CHg 24.89
q
Furan-5-H
—-C6H5
£ - C6H5
—”C6H5 
Furan-3-H
Furan-4-H
4
CHO
(P.P.M) 
7.30 
7.29 
7.12 
6.86 
6.75 
6.34
6.25 
5,42 
5.41 
5.16 
5.07
4.26 
4.06
J (Hz) 
0.78, 1.90 
0.81, 1.83 
7.18, 7.81 
7.15
7.65
1.77, 3.33
4.44
4.25
4.27
4.36
* 13  .
70
Multiplicity
d , d
d , d
d , d
t
d
m
d, d
d
d
d
d
m
CH2°
CH2N
CH.
2.91
1.38
1.25
1.23
K M ,  H H fM lNH^ f
N
(219)
-o,
L q '
7 1
c i s - l - [ ( 2 , 2 - D i m e t h y l - l , 3 - d i o x o l a n - 4 - y l ) m e t h y l ] - 4 -
( f u r a n - 2 - y l ) - 3 - [ ( a - m e t h y l - P - e t h o x y c a r b o n y l ) v i n y l a m i n o ] -
2 - a z e  t i d i n o n e  ( 2 1 9 ) .
T o  f r e s h l y  p r e p a r e d 7 ® D a n e  s a l t  ( 2 1 4 )  ( 2 3 4 m g ,
1 . 0 3 9  m m o l )  i n  C H 2 C I 2 ( 2 . 5 m l )  i n  a d r y  r o u n d  b o t t o m  
f l a s k  w i t h  s i d e  a r m ,  u n d e r  n i t r o g e n ,  w a s  a d d e d  w i t h  
s t i r r i n g ,  t r i e t h y l a m i n e  ( 0 . 4 1 m l ,  3 . 1 2  m m o l )  f o l l o w e d  b y
i m i n e  ( 2 1 7 )  [ ( 2 1 7 . l m g ,  1 . 0 3 9 m m o l )  i n  C H 2 C I 2 ( 2 . 5 m l ) ] .
T h e  r e a c t i o n  m i x t u r e  w a s  c o o l e d  to  0 ° C  a n d  p h e n y l  
d i c h l o r o p h o s p h a t e  ( 0 . 1 5 m l ,  1 . 0 3 9  m m o l )  w a s  a d d e d
d r o p w i s e .  T h i s  m i x t u r e  w a s  s t i r r e d  f o r  14 h a t  r o o m  
t e m p e r a t u r e  w h e r e u p o n  i t  w a s  w a s h e d  s e q u e n t i a l l y  w i t h  
w a t e r  ( 2  x 3 m l )  a n d  5 %  s o d i u m  b i c a r b o n a t e  s o l u t i o n  
( 5 m l ) .  T h e  o r g a n i c  l a y e r  w a s  d r i e d  a n d  c o n c e n t r a t e d  i n  
v a c u o  t o  g i v e  t h e  c r u d e  p r o d u c t  as  a v i s c o u s  o i l .
P u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  y i e l d e d  l a c t a m
( 2 1 9 )  ( 3 2 2 m g ,  0 . 8 5 2  m m o l ,  8 2 % )  as  a w h i t e ,  a m o r p h o u s
s o l i d  w h i c h ,  d e s p i t e  r e p e a t e d  a t t e m p t s ,  c o u l d  n o t  b e  
c r y s t a l l i s e d .
C a p i l l a r y  G . C .  s h o w e d  | 3 - l a c t a m  ( 2 1 9 )  t o  b e  a 1 . 6 : 1  
m i x t u r e  o f  d i a s t e r e o i s o m e r s .
v m a x  ( C H C 13 > 1 7 6 5  c m - 1 , 1 6 6 0  c m " 1 , 1 615  c m ' 1
F o u n d :  M  + , 3 7 8 . 1 7 7 3 .  C 1 9 H 2 6 N 2 ° 6  r e t l u i r e s
3 7 8 . 1 7 9 0 8 .
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C (P.P.M) Multiplicity
169.95 s
C02CH2 167.10 s
2 167.00 s
N-C=C 159.05 s
Furan-2-C 150.01 s
Furan-5-C 142.60 d
142.58 d
Furan-4-C 110.40 d
Furan-3-C 110.36 d
C(CH3)2 109.53 s
109.17 s
Furan-4-C 109.15 d
Furan-3-C 108.98 d
NH-C=CH 85.40 d
CHO 74.19 d
73.01 d
CH 0 67.18 t
A
66.67 t
4 64.99 d
64.68 d
C02CH2 58.31 t
3 63.09 d
62.85 d
CH2N 43.81 t
42.68 t
26.73 q
C(CH3) 26.64 q
25.13 q
25.01 q
73
C
CH2CH;
c(CH3:
H
NH
Furan-
Furan-
Furan-
4
3
C=CH
CHO
C02CH,
CH2°
CH2N
C( CH3
(P.P.M) Multiplicity
, 19.56 q
14.15 q
=CH 13.99 q
(P.P.M) J (Hz) Multiplicity
-5-H
-4-H
-3-H
JCH3
8.75
7.35
6.28
6.24
4.95
4.93
4.80
4.78
4.58 
4.29 
4.12 
4.01 
4,00
3.98-3.70
3.58
9.80
0.85, 1.86 
1.86, 3.25 
0.88, 3.23 
4.39 
4.28
4.25, 9.75 
4.41, 9.79
7.14
7.14
d
d , d 
d , d 
d, d 
d 
d
d , d
d,d
s
m
m
q
q
m
I =CH-
2.91
1.85
1.71
7.77, 14.27 d,d
74
H (P.P.M) J (Hz) Multiplicity
1.31 - g
1.30 - s
C(CH3)2 1.26 - s
1,24 - s
c h 2c h 3 1.10 - t
0.99 - t
(2 2 0 )
75
3 , 3 - D i m e t h y l - l - [ ( 2 , 2 - d i m e t h y l - l , 3 - d i o x o l a n - 4 - y l ) m e t h y l ] -
4 - ( f u r a n - 2 - y l ) - 2 - a z e t i d i n o n e  ( 2 2 0 ) .
T o  a d r y  r o u n d  b o t t o m  f l a s k  w i t h  s i d e - a r m ,  u n d e r  
n i t r o g e n ,  w a s  a d d e d  T H F  ( 2 m l )  a n d  d i i s o p r o p y l a m i n e  
( 0 . 1 4 3 m l ,  1 . 0 2 3  m m o l ) .  T h i s  s o l u t i o n  w a s  c o o l e d  to  0 ° C  
a n d  n - b u t y l l i t h i u m  ( 0 . 4 2 m l  o f  a 2 . 4 5 M  s o l u t i o n  i n  
h e x a n e s ,  1 . 0 2 m m o l )  w a s  a d d e d  d r o p w i s e ,  o v e r  5 m i n ,  w i t h  
v i g o r o u s  s t i r r i n g .  T h e  s o l u t i o n  w a s  s t i r r e d  f o r  a
f u r t h e r  1 5  m i n  a t  0 ° C  w h e r e u p o n  m e t h y l  2 -  
m e t h y l p r o p i o n a t e  ( 0 . 1 0 2 g ,  0 . 1 0 5 m l ,  1 . 0 2 3  m m o l )  w a s  a d d e d  
o v e r  5 m i n .
A f t e r  s t i r r i n g  f o r  a f u r t h e r  3 0  m i n  a t  0 ° C  t h e  
f l a s k  w a s  c o o l e d  t o  - 7 8 ° C  a n d  i m i n e  ( 2 1 7 )  ( 1 9 4 . 3 m g ,
0 . 9 3 0 m m o l )  i n  T H F  ( 1 0 m l )  w a s  a d d e d  d r o p w i s e  o v e r  5 m i n .  
T h e  c o o l i n g  b a t h  w a s  a l l o w e d  t o  w a r m  s l o w l y  t o  r o o m  
t e m p e r a t u r e  o v e r  4 - 5  h a n d  t h e  r e a c t i o n  w a s  t h e n  s t i r r e d  
f o r  a n  a d d i t i o n a l  11 h a t  r o o m  t e m p e r a t u r e .  I t  w a s
t h e n  d i l u t e d  w i t h  e t h e r  ( 2 0 m l )  a n d  w a s h e d  s e q u e n t i a l l y  
w i t h  1 0 %  a q u e o u s  a c e t i c  a c i d  ( 3  x 2 0 m l ) ,  s a t u r a t e d  
s o d i u m  b i c a r b o n a t e  s o l u t i o n  ( 2  x 2 0 m l )  a n d  b r i n e  ( 2 0 m l ) .  
T h e  o r g a n i c  e x t r a c t  w a s  d r i e d  ( N a 2 S O ^ )  a n d  c o n c e n t r a t e d  
i n  v a c u o .
T h e  c r u d e  p r o d u c t  t h u s  o b t a i n e d  w a s  p u r i f i e d  b y  
c h r o m a t o g r a p h y  t o  g i v e  (3-l a c t a m  ( 2 2 0 )  ( 1 7 8 . O m g ,  0 . 6 3 7
m m o l ,  6 9 % )  as  a c l e a r  v i s c o u s  o i l .  A l s o  r e c o v e r e d  w a s  
a s m a l l  a m o u n t  ( 1 2 . 6 m g ,  0 . 1 3 2  m m o l ,  1 4 % )  o f  f u r f u r -  
a l d e h y  d e .
C a p i l l a r y  G . C .  s h o w e d  t h a t  ( 5 - l a c t a m  ( 2 2 0 )  w a s  a
76
1 . 6 : 1  m i x t u r e  o f  d i a s t e r e o i s o m e r s .  
v m a x  ( C H C I 3 ) 1 735 c m ' 1
F o u n d :  M + , 2 7 9 . 1 4 6 7 .  C 1 5 H 2 1 N ° 4
2 7 9 . 1 4 7 0 5 .
r e q u i r e s
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c (P.P.M)
174.27
2 173.70
Furan-2-C 150.12
Furan-5-C 142.75
142,69
Furan-4-C 110.42
Furan-3-C 110.38
c(cH3) 2 109.60 
109.17
Furan-4-C 109.17
Furan-3-C 108.92
74.49
CHO
73.55
67.20
CH 0£4
66,78
4 62.09
3 56.86
56.72
CH2N 43.36
41.71
CH3
26.74
26.61
CH3
25,21
24.78
CH3
22.39 
22.19
CH3
17,54
Multiplicity
s
s
s
d
d
d
d
s
s
d
d
d
d
t
t
d
d
d
t
t
q
q
q
q
q
q
q
H (P.P.M) J (Hz)
78
Multiplicity
Furan-5-H
Furan-4-H
Furan-3-H
4
CHO
CH2 °
7.37
6.34
6.24 
4.50 
4.47
4.25 
4.12 
4.05 
3.96
0.81, 1,83 
1.89, 3.25 
0.85, 3.25
6.27, 12.75
d , d 
d, d 
d , d
m
m
d , d
ch2n
CC<CH3>2
CHC(CH3)2
CC<CH3>2
2,89
1.36
1.36
1.25
1.25 
1.21 
1.21 
0.96
on
P h O O A c
(221)
79
c i s - 4 - A c e t o x y - 2 - o x o - 3 - p h e n o x y - l - a z e t i d i n e a c e t i c  a c i d  
m e t h y l  e s t e r  ( 2 2 1 ).
P o t a s s i u m  p e r m a n g a n a t e  ( 5 0 m g ,  0 . 3 2 m m o l )  w a s  a d d e d  
t o  w a t e r  ( 2 . 5 m l )  a n d  t h e  s o l u t i o n  s t i r r e d  v i g o r o u s l y  f o r  
10 m i n .  T h e  s o l u t i o n  w a s  t h e n  c o o l e d  to  0 ° C  a n d  b e n z y l -  
t r i e t h y l a m m o n i u m  b r o m i d e  ( l O m g ,  0 . 0 4  m m o l )  w a s  a d d e d ,  
f o l l o w e d  b y  a s o l u t i o n  o f  a l d e h y d e  ( 2 2 6 )  ( 4 1 m g ,  0 . 1 5 6
m m o l )  i n  b e n z e n e  ( 0 . 5 m l ) .
A f t e r  s t i r r i n g  o v e r n i g h t  a t  r o o m  t e m p e r a t u r e ,  
s o l i d  s o d i u m  b i s u l p h i t e  w a s  a d d e d  u n t i l  t h e  i n i t i a l l y  
p u r p l e  s o l u t i o n  b e c a m e  c o l o u r l e s s .  A c i d i f i c a t i o n  w i t h  
1 M H C 1  w a s  f o l l o w e d  b y  d i l u t i o n  w i t h  e t h y l  a c e t a t e
( 5 0 m l ) .  T h e  o r g a n i c  l a y e r  w a s  s e p a r a t e d ,  d r i e d  a n d
c o n c e n t r a t e d  i n  v a c u o  t o  y i e l d  t h e  c r u d e  a c i d  ( 2 2 7 ) .  
*H n m r  s p e c t r o s c o p y  s h o w e d  t h a t  n o  a l d e h y d i c  H w a s  
p r e s e n t .
N o  a t t e m p t  w a s  m a d e  t o  c h a r a c t e r i s e  o r  p u r i f y  t h i s
a c i d .  I n s t e a d  i t  w a s  c o n v e r t e d  i n t o  m e t h y l  e s t e r
( 2 2 1 ) .
A c i d  ( 2 2 7 )  w a s  d i s s o l v e d  i n  e t h e r  a n d  d i a z o m e t h a n e  
b u b b l e d  t h r o u g h  t h e  s o l u t i o n  u n t i l  a y e l l o w  c o l o u r  
p e r s i s t e d .  T h e  r e a c t i o n  w a s  t h e n  s t i r r e d  o v e r n i g h t ,  
f i l t e r e d  t h r o u g h  C e l i t e  a n d  t h e  e t h e r  r e m o v e d  i n  v a c u o . 
T h e  c r u d e  p r o d u c t  w a s  p u r i f i e d  b y  c h r o m a t o g r a p h y  t o  
y i e l d  e s t e r  ( 2 2 1 )  [ 3 9 . 1 m g ,  0 . 1 3 3  m m o l ,  8 6 % f r o m  d i o l
( 2 2 4 ) ]  a s  a c l e a r  v i s c o u s  o i l .
v m a x  ( C H C 13 > 1 7 9 0  c m " 1 , 1 7 5 0  c m "1
F o u n d : M + , 2 9 3 . 0 8 9 3 .  C 1 4 H 1 5 N 0 6  r e q u i r e s  2 9 3 . 0 8 9 9 3 .
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(P.PfM) Multiplicity
CH2C°2CH3 
OCOCH„
2
O-C(Ar)
— _C6H5 
—_C6H5 
—_C6H5
CH2C°2CH3
CH2N 
OCOCH„
171.18 
167.97 
165.58 
157.10 
129.63 
1 2 2 . 6 8  
115.67 
81.50 
79.92
52.69 
42.06
20.70
5 - C6H5
—-C6H5
—_C6H5 
4
3
c h2n
-C02CH3 
-OCOCH„
(P.P.M)
7.30
7.04
7.00
6.39
5.43
4.34
3.88
3.77
2.07
J (Hz) 
7,59, 8.63
7.71
8.57
3.65
3.64 
17.98
18.00
Multiplicity
d,d
t
d
d
d
d
d

81
c i s - 4 - A c e t y l - l - [ ( 2 , 2 - d i m e t h y l - l , 3 - d i o x o l a n - 4 - y l ) -
m e t h y l ] - 3 - p h e n o x y - 2 - a z e t i d i n o n e  ( 2 2 2 ) .
p - L a c t a m  ( 2 1 3 )  ( 1 5 4 m g ,  0 . 4 4 6 m m o l )  w a s  d i s s o l v e d  in 
C H 2 C I 2  ( 6 0 m l )  a n d  t h e  s o l u t i o n  c o o l e d  to  - 7 8 ° C .  O z o n e  
w a s  b u b b l e d  t h r o u g h  t h i s  s o l u t i o n  u n t i l  a b l u e  c o l o u r  
p e r s i s t e d .  T h e  s o l u t i o n  w a s  t h e n  t h o r o u g h l y  p u r g e d
w i t h  n i t r o g e n  u n t i l  c o l o u r l e s s .
D i m e t h y l  s u l p h i d e  ( O . l l g ,  0 . 1 3 m l ,  1 . 7 8 m m o l )  w a s
t h e n  a d d e d ,  a n d  t h e  s o l u t i o n  s t i r r e d  o v e r n i g h t .  I t  w a s  
t h e n  w a s h e d  s e q u e n t i a l l y  w i t h  w a t e r  ( 5 0 m l )  s a t u r a t e d  
b r i n e  ( 2  x 2 0 m l )  a n d  w a t e r  ( 2 0 m l ) .  T h e  o r g a n i c  l a y e r  
w a s  t h e n  d r i e d  a n d  c o n c e n t r a t e d  i n  v a c u o . P u r i f i c a t i o n  
o f  t h e  r e s i d u e  b y  c h r o m a t o g r a p h y  f u r n i s h e d  m e t h y l  k e t o n e  
( 2 2 2 )  ( 1 2 9 m g ,  0 . 4 0 4 m m o l ,  9 1 % )  as  a c l e a r  o i l .
v m a x  <C H C 13 > 1 7 7 0  c m - 1 , 1 7 3 0  c m " 1 .
F o u n d :  M - M e ,  3 0 4 . 1 1 8 1 .  c 1 7 H 2 1 N 0 5 - M e  r e q u i r e s
3 0 4 . 1  1 8 4 9 .
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(P.P.M) Multiplicity
COCH3 203.60
202.78
2 165.67
164.81
O-C(Ar) 157.13
157,06
m-C H 129.79 d—  6 5
129.64 d
p-C H 122.86 d— b o
122.80 d
o-C H 115.82 d—  6 5
115.78 d
C(CH3)2 110.04 s
109.70 s
3 82.02 d
81.85 d
CHO 74.89 d
73.30 d
CH20 67.10 t
66.79 t
4 65.85 d
65.31 d
CH2N 44.68 t
43.64 t
COCH 28.09 q
3
C <CH3>2
27.91 q
26.87 q
26,80 q
25.32 q
24.89 q
H (P.P.M) J (Hz)
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Multiplicity
m-CgHg 7.30 8.72, 8.90 d,d
o-C H 7.05 8.66 d— 6 5
p-C H 6.94 8.95 t— 6 5
3 5.50 5.28 d
5.49 5.38 d
4 4.77 5.27 d
4.65 5.39 d
CHO 4.28 - m
3.19 9.54, 14.24 dd
COCH 2.24 - so
2.22 - s
1.42 - s
C(CH3)2 1.36 - s
1.31 - s
P h O
O'
H H
(223)
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c i s - 4 - A c e t o x y - l - [ ( 2 , 2 - d i m e t h y l  - 1 , 3 -  d i o x o l a n - 4 - y l ) -
m e t h y l - 3 - p h e n o x y - 2 - a z e t i d i n o n e  ( 2 2 3 ) .
M e t h y l  k e t o n e  ( 2 2 2 )  ( 1 0 2 . 5 m g ,  0 . 3 2 0 9  m m o l )  w a s
d i s s o l v e d  i n  d r y  b e n z e n e  ( 1 5 m l ) .  T o  t h i s  s o l u t i o n  w a s
a d d e d ,  w i t h  s t i r r i n g ,  a s o l u t i o n  o f  m - c h l o r o p e r b e n z o i c  
a c i d  ( 0 . 2 2 g ,  1 . 2 8  m m o l )  i n  b e n z e n e  ( 1 5 m l ) .  T h i s
s o l u t i o n  w a s  h e a t e d  u n d e r  g e n t l e  r e f l u x  f o r  28  h .  T h e
c o o l e d  r e a c t i o n  m i x t u r e  w a s  p o u r e d  i n t o  s a t u r a t e d  
a q u e o u s  s o d i u m  b i c a r b o n a t e  ( 3 0 m l ) .  T h e  o r g a n i c  p h a s e  
w a s  s e p a r a t e d  a n d  w a s h e d  w i t h  w a t e r  ( 1 5 m l )  a n d  t h e n
b r i n e  ( 2  x 1 5 m l ) .  D r y i n g  a n d  c o n c e n t r a t i o n  y i e l d e d  a 
p a l e  y e l l o w  o i l .  P u r i f i c a t i o n  by  c o l u m n  c h r o m a t o g r a p h y  
y i e l d e d  a c e t a t e  ( 2 2 3 )  ( 9 4 . 0 m g ,  0 . 2 8 0 1  m m o l ,  8 7 % )  a s  a
c l e a r ,  v i s c o u s  o i l .  A  s m a l l  a m o u n t  o f  u n r e a c t e d
s t a r t i n g  m a t e r i a l  ( 8 . 1 m g ,  0 . 0 2 5 3  m m o l ,  8 % )  w a s  a l s o
i s o l a t e d .
v m a x  <c h c 13 > 1 7 8 0  c m - 1 , 1 7 5 0  c m " 1 .
F o u n d :  M  + , 3 3 5 . 1 3 7 5 .  c 1 7 H 2 1 N 0 6  r e q u i r e s
3 3 5 . 1 3 6 8 9 .
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C (P.P.M) Multiplicity
02CCH3 170.32 s
02CCH3 170.22 s
2 165.83 s
165.46 s
O-C(Ar) 157.02 s
m - C H  129,86 d— 6 5
129.54 d
p-C_H 1 2 2 , 5 2  d— 6 5
o - C H  115.68 d— 6 5
115.57 d
C(CH3)2 109.99 s
109.88 s
3 81.43 d
81.35 d
4 80.47 d
79.83 d
CH2CH0 73.76 d
73.18 d
CH20 67.06 t
66.94 t
CH2N 43.88 t
43.58 t
CH3 2 6 . 8 7  q
CH 2 6 . 7 5  qo
CH3 2 5 . 1 7  q
CH 2 5 . 1 1  q
CH 2 0 . 7 6  qo
CH3 2 0 . 6 5  q
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(P.P.M) J (Hz) Multiplicity
—-C6H5 
S - C6 H5
£ - C6H5
7 . 3 4 - 7 . 1 8
7 . 0 8 - 6 . 8 7
6 . 4 9
6 . 4 4
5 . 3 4
3 . 2 9
3 . 4 0
3 . 4 1
CH CHO
CH2°
c h 2n
5 . 3 2
4 . 3 1
4 . 0 9
3 . 3 4
m
0-CCH 2 3
C<CH3>2
3 . 2 2
2 , 0 3
2.02
1 . 4 2
1 . 4 2  
1 . 3 2
7 . 9 2 ,  1 4 . 3 3 d , d
P h o J f  i ' O A c
0
- O A
- O A
(225)
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c i s - 4 - A c e t o x y - l - [ ( 2 , 3 - d i a c e t o x y ) p r o p a n - l - y l ] - 3 -
p h e n o x y - 2 - a z e t i d i n o n e  ( 2 2 5 )
A c e t o n i d e  ( 2 2 3 )  ( 2 3 1 m g ,  0 . 7 1 0  m m o l )  w a s  d i s s o l v e d  
i n  8 0 %  a q u e o u s  a c e t i c  a c i d  ( 5 m l )  a n d  t h e  s o l u t i o n  w a s  
s t i r r e d  f o r  2 4  h .  I t  w a s  t h e n  p o u r e d  i n t o  e t h y l
a c e t a t e  ( 5 0 m l )  a n d  s a t u r a t e d  s o d i u m  b i c a r b o n a t e  w a s  
a d d e d  d r o p w i s e  u n t i l  no  m o r e  c a r b o n  d i o x i d e  w a s  e v o l v e d .  
T h e  o r g a n i c  p h a s e  w a s  t h e n  d r i e d  a n d  c o n c e n t r a t e d  i n  
v a c u o  t o  g i v e  t h e  c r u d e  d i o l  ( 2 2 4 ) .
F o r  c h a r a c t e r i s a t i o n ,  c r u d e  d i o l  ( 2 2 4 )  w a s  
c o n v e r t e d  i n t o  t r i a c e t a t e  ( 2 2 5 ) .  A p r e f o r m e d
p y r i d i n e / a c e t i c  a n h y d r i d e  m i x t u r e  ( 1 m l  p y r i d i n e / 2 m l  
a c e t i c  a n h y d r i d e )  w a s  a d d e d  t o  t h e  c r u d e  d i o l  ( 2 2 4 ) .  
T h e  m i x t u r e  w a s  s t i r r e d  f o r  48  h .  P y r i d i n e  a n d  a c e t i c  
a n h y d r i d e  w e r e  r e m o v e d  b y  a z e o t r o p i c  d i s t i l l a t i o n  u s i n g  
t o l u e n e .
T h e  c r u d e  p r o d u c t  w a s  p u r i f i e d  b y  c h r o m a t o g r a p h y  
to  g i v e  t r i a c e t a t e  ( 2 2 5 )  [ 2 5 9 m g ,  0 . 6 8 3  m m o l ,  9 6 %  f r o m
a c e t o n i d e  ( 2 2 3 ) ] .
v m a x  <c h c 13 > 1 7 8 5  c m - 1 , 1 745  c m - 1 .
F o u n d :  M + , 3 7 9 . 1 2 7 2 .  C 1 8 H 2 1 N ° 8  r e q u i r e s
3 7 9 . 1 2 6 7 1 .
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(P.P.M) Multiplicity
-OCOCH.
O-C(Ar)
—-C6H5 
£ - C6H5 
—~C6H5
-CH -CH-OCOCH£ U
-CH-OCOCH
a  O
"CH2N
OCOCH.
170.77 
170.60 
170.46 
170.42 
170.10 
165,73 
165.67 
156.93 
129.56 
122.59 
115.54
81.40 
81.16 
80.04 
79,57 
69.00 
68.46 
62.74 
62.66
41.64
41.41 
20.88 
20.82
20.64
d
d
d
d
d
d
d
d
d
t
t
t
t
q
q
q
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(P.P.M) J (Hz) Multiplicity
m-C6H5 7.30 7.35, 8.12 d,d
o-CgHg 7.05 8.05 d
p-CgH5 7.00 7.30 t
4 6.39 3.49 d
6.34 3.47 d
3 5.33 3.46 d
5.26 3.45 d
CHO 4.21
CH2N
CH3 2.05
2.04
2.04
m
CH20 f  3.71 7.54, 14.91 d,d
m
3 ' ? . $  3.45, 14.90 d,d
I ' iQ
2.09 - s
2.05 - s
PhO H\ L •OA
0
N
CHO
(226)
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c i s - 4 - A c e t o x y - 2 - o x o - 3 - p h e n o x y - l - a z e t i d i n e a c e t a l d e h y d e
( 2 2 6 ) .
P e r i o d i c  a c i d  d i h y d r a t e  ( 4 2 . 6 m g ,  0 . 1 8 7  m m o l )  w a s
a d d e d  t o  T H F  ( 2 0 m l ) .  A f t e r  s t i r r i n g  f o r  0 . 5  h t h e
r e s u l t i n g  h o m o g e n e o u s  s o l u t i o n  w a s  a d d e d  t o  a s o l u t i o n  
o f  c r u d e  d i o l  ( 2 2 4 )  ( 4 7 .  ^ ng ,  0 . 1 6 9 7  m m m o l )  i n  T H F  ( 2 0 m l )  
w i t h  s t i r r i n g .
A f t e r  s t i r r i n g  f o r  a f u r t h e r  4 5  m i n  a w h i t e  
p r e c i p i t a t e  o f  i o d i c  a c i d  h a d  f o r m e d .  T h i s  w a s  r e m o v e d  
b y  f i l t r a t i o n  a n d  t h e  f i l t r a t e  c o n c e n t r a t e d  i n  v a c u o . 
T r i t u r a t i o n  w i t h  e t h y l  a c e t a t e  f o l l o w e d  b y  f i l t r a t i o n  
a n d  c o n c e n t r a t i o n  o f  t h e  f i l t r a t e  g a v e  a c l e a r ,  v i s c o u s  
o i l .  P u r i f i c a t i o n  b y  c o l u m n  c h r o m a t o g r a p h y  y i e l d e d
a l d e h y d e  ( 2 2 6 )  ( 4 2 . 8 m g ,  0 . 1 6 2 5  m m o l ,  9 6 % ) ,  as  a c l e a r
o i l .
v m a x  <C H C 13 > 1 7 8 5  c m - 1 , 1 7 5 0  c m - 1 , 1 7 2 0  c m ' 1 .
F o u n d :  M + , 2 6 3 . 0 7 9 9 .  C ^ H ^ N O ^  r e q u i r e s
2 6 3 . 0 7 9 3 7 .
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(P.P.M) Multiplicity
CHO
C02CH3
2
O-C(Ar)
—”C6H5 
—”C6H5 
—-C6H5
CH2 N
OCMe
194.017
171.254
165.900
157.066
129.64
122.64
115.65 
81.48 
80.31 
50.82 
20.692
CHO
-~C6H5
“ ~ C 6 H 5
— ~C6H5 
4
3
CH CHO z
OCOCH,
(P.P.M)
9.59
7.31
7.06 
7.01
6.32 
5.48 
4.40 
4.13
2.07
J (Hz)
7.42, 8.62
7.40
8.53
3.63
3.64
19.16
19.16
Multiplicity
s
d, d
t
d
d
d
d
d
Q
H H i  
A c N H ^ f  I J *
(228)
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c i s - 4 - A c e t y l - 3 - a c e t a m i d o - l - [ ( 2 , 2 - d i m e t h y l - l , 3 - d i o x o l a n -  
4 - y l ) m e t h y l ] - 2 - a z e t i d i n o n e  ( 2 2 8 ) .
P - L a c t a m  ( 2 1 5 )  ( 7 6 0 . 7 m g ,  1 . 9 9 9  m m o l )  i n  C H 2 C 1 2
( 4 0 m l )  w a s  o z o n o l y s e d ,  u s i n g  d i m e t h y l  s u l p h i d e  ( 0 . 9 7 g ,  
1 . 2 3 m l ,  1 6 m m o l )  t o  r e d u c e  t h e  o z o n i d e ,  as  d e s c r i b e d  i n  
t h e  p r o c e d u r e  f o r  t h e  p r e p a r a t i o n  o f  p - l a c t a m  ( 2 2 2 ).
T h e  c r u d e  m e t h y l  k e t o n e / a c e t a m i d e  ( 2 2 8 )  t h u s
1
p r o d u c e d  w a s  s h o w n  b y  H n m r  s p e c t r o s c o p y  t o  b e  a 
m i x t u r e  o f  d i a s t e r e o i s o m e r s .
R e c r y s t a l  1 i s a t i o n ( e t h y l  a c e t a t e / I  i g h  t p e t r o l )  
g a v e  a w h i t e  c r y s t a l l i n e  s o l i d  ( 2 3 8 . 6 m g ,  8 3 9 . 6 m m o l ,  4 2 % )  
w h i c h  w a s  e n r i c h e d  i n  o n e  d i a s t e r e o i s o m e r  ( d . e .  g r e a t e r  
t h a n  9 0 % ) .
v m a x  ( C H C l ^ )  3 4 3 0  c m " * ,  3 3 4 0  c m - *, 1 7 6 5  c m - *,
1 7 2 0  c m ” 1, 1 6 9 0  c m ” ^ , 1 5 1 0  cm"  *
F o u n d :  M  + , 2 8 4 . 1 3 6 8 .  <- ' 1 3 H 2 0 N 2 ^ 5  r e q u i r e s
2 8 4 . 1 3 7 2 2 .
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(P. P.M) Multiplicity
CHCOCH.
NHCOCH.
C<CH3>2
CHO
c h 2°
CH2N
CHCOCH.
C<CH3>2
NHCOCH.
2 0 3 . 7 1
1 7 0 . 5 3
1 6 5 . 0 7
1 0 8 . 9 7
7 3 . 7 2
6 6 . 5 8
6 4 . 8 1  
5 9 . 0 1
4 3 . 8 2  
2 7 . 6 1  
2 6 . 3 9  
2 4 . 8 7  
2 1 . 8 0
H
NH
3
4
CHO
(P.P.M)
8 . 6 5  
5 . 3 3
4 . 6 6  
4 . 1 6
J (Hz)
8 . 1 3
5 . 3 9 ,  8 . 1 4  
5 . 4 2
Multiplicity
d
d,d
d
m
CH2°
CH2N
CHCOCH.
NHCOCH.
C<CH3>2
3 . 0 1
1 . 9 9
1 . 8 3
1 . 2 4
1.21
8 . 4 4 ,  1 3 . 9 8 d,d
OTBDMS
i = /
(230)
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N_- [ 2 - ( L - B u t y l d i m e t h y l s i l o x y ) - l - p r o p y l e n e ] - ( f u r a n - 2 - y l >  
m e t h a n a m i n e  ( 2 3 0 ) .
A l d e h y d e  ( 2 3 1 )  ( 6 0 5 m g ,  3 . 2 1 2 m m o l )  i n  e t h e r  ( 3 0 m l )  
w a s  t r e a t e d  w i t h  f u r f u r y l a m i n e  ( 0 . 3 4 g ,  3 . 2 1 m m o l ) ,  i n  t h e
p r e s e n c e  o f  o v e n - d r i e d  p o t a s s i u m  c a r b o n a t e  ( 3 . 2 5 g )  u s i n g  
t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  i m i n e  
( 2 1 7 ) .
D i s t i l l a t i o n  y i e l d e d  i m i n e  ( 2 3 0 )  ( 7 4  1 m g ,
2 . 7 7 5 m m o l ,  8 6 %)  as  a c l e a r  o i l ,  b . p .  7 8 ° C / 2 m m  H g .
[oc]d° - 7 . 0 6  ( c . 0 . 6 6 ,  C H 2 C12 ).
v m a x  1 670  c m ’ 1
F o u n d :  M + , 2 6 7 . 1 6 3 9 .  C 1 4 H 2 5 N 0 2 S i  r e q u i r e s
2 6 7 . 1 6 5 4 5 .
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C (P.P.M) Multiplicity
CH=N 169.83 d
Furan-2-C 152.02 s
Furan-5-C 142.07 d
Furan-4-C 110.23 d
Furan-3-C 107.25 d
CHO 70.61 d
CH2N 56.53 t
C(CH3)3 25.76 q
CHCH3 21.56 q
C(CH3)3 18.13 s
-4.69 q
SiCH3
-4.77 q
H (P.P.M) J (Hz) Multiplicity
CH=N 7.52 5.05, 0.41 d,t
Furan-5-H 7.34 0.87, 1.87 d,d
Furan-4-H 6.30 1.87, 3.18 d,d
Furan-3-H 6.18 0.79, 3.19 d,d
CH N 4.51 - s
CHO 4.34 5.04, 6.45 d,q
CHCH 1.26 6.47 do
C(CH3)3 0.87 - s
0.04
SiCH3
0.03 s
O T D D M S  
C H O
(231)
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2-( t__B u t y l d i m e t h y l s i l o x y ) p r o p a n a l  ( 2 3  1 )
( A ) H o m o c h i r a l  ( S ) - e n a n t i o m e r 7 3
A s o l u t i o n  o f  T B D M S  e t h e r  ( 2 7 4 )  ( 2 . 0 0 g ,  9 . 1 6 m m o l )  
i n  C H 2 C I 2 ( 1 9 . 5 m l )  u n d e r  n i t r o g e n  w a s  c o o l e d  t o  - 7 8 ° C .
D i i s o b u t y l a l u m i n i u m  h y d r i d e  ( 9 .1 6  mmol, 1 M  i n  C H 2 C l 2 , 
9 . 1 6 m l )  w a s  t h e n  a d d e d  d r o p w i s e ,  w i t h  v i g o r o u s  s t i r r i n g ,  
o v e r  15 m i n .  T h e  r e a c t i o n  w a s  s t i r r e d  f o r  a f u r t h e r  20
m i n  at  - 7 8 ° C  w h e r e u p o n  M e O H  ( 1 3 . 6 0 m l )  w a s  a d d e d  r a p i d l y  
to  t h e  s o l u t i o n  a n d  t h e  c o o l i n g  b a t h  r e m o v e d .
O n  w a r m i n g  t o  r o o m  t e m p e r a t u r e  t h e  r e a c t i o n  w a s  
d i l u t e d  w i t h  e t h e r  ( 1 5 0 m l )  a n d  t h e  r e s u l t a n t  w h i t e  
s l u r r y  w a s  f i l t e r e d  o f f .  T h e  f i l t r a t e  w a s  c o n c e n t r a t e d  
in  v a c u o  t o  y i e l d  t h e  c r u d e  a l d e h y d e .
P u r i f i c a t i o n  b y  e i t h e r  c h r o m a t o g r a p h y  o r
d i s t i l l a t i o n  g a v e  p u r e  a l d e h y d e  ( 2 3 1 )  ( 1 . 2 8 g ,  6 . 8 2 m m o l ,
7 5 % )  as  a c l e a r  o i l ,  b . p .  5 5 ° C / 1 8 m m  H g .
[ a ] | , 0 - 1 1 . 8 °  ( c . 0 . 8 9 ,  C H C I 3 )
( l i t . 7 3  [ a ] p 9 - 1 2 . 0  ( c .  1 . 5 1 ,  C H C 1 3 ) |
( B)  R a c e m i c  ( 2 3 1 )
R a c e m i c  o l e f i n  ( 2 3 7 )  ( 1 . 2 9 g ,  6 . 9 3 m m o l )  w a s
d i s s o l v e d  i n  C H 2 C 12 ( 6 0 m l )  a n d  t h e  s o l u t i o n  c o o l e d  to  
- 7 8 ° C .  O z o n e  w a s  t h e n  b u b b l e d  t h r o u g h  t h i s  s o l u t i o n  
u n t i l  a b l u e  c o l o u r  p e r s i s t e d .  T h e  s y s t e m  w a s  t h e n
t h o r o u g h l y  p u r g e d  w i t h  n i t r o g e n  u n t i l  t h i s  b l u e  c o l o u r
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w a s  r e m o v e d .  T r i e t h y l a m i n e  ( 0 . 8 2 g ,  1 . 1 3 m l ,  8 . 0 8  m m o l )
w a s  t h e n  a d d e d  a n d  t h e  c o o l i n g  b a t h  r e m o v e d .  T h e
s o l u t i o n  w a s  s t i r r e d  f o r  14 h w h e r e u p o n  t h e  s o l v e n t  w a s  
r e m o v e d  i n  v a c u o  a n d  p e n t a n e  ( 5 0 m l )  w a s  a d d e d .  
F i l t r a t i o n  t h r o u g h  C e l i t e  a n d  c o n c e n t r a t i o n  g a v e  t h e  
c r u d e  a l d e h y d e .  P u r i f i c a t i o n  b y  e i t h e r  c h r o m a t o g r a p h y
o r  d i s t i l l a t i o n  g a v e  p u r e ,  r a c e m i c  a l d e h y d e  ( 2 3 1 )  
( 1 . 0 8 g ,  5 . 7 2 m m o l ,  8 3 % )  as  a c l e a r  o i l ,  b . p .  5 5 ° C / 1 8 m m
H g .
v m a x  ( CH C1 3 ) 1 730  c m "1
F o u n d  : M - C 4 H 9 , 1 3 1 . 0 5 3 5 .  C 9 H 2 0 O 2 S i - C 4 H 9
r e q u i r e s  1 3 1 . 0 5 2 8 3 .
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(P.P.M) Multiplicity
CHO 204.26 d
-CHCH3 73.80 d
C(CH3)3 25.70 q
CHCH3 18.49 q
C(CH3)3 18.16 s
SiCH3
SiCH3
-3.81 q
-4.83 q
H (P.P.M) J (Hz)
CHO 9.61 1.29
CHCH 4.08 1.29, 6.87
CHCH 1.26 6.86o
C(CH3)3 0.90
0.09
0.08
Multiplicity
d
d i q
d
s
s
s
PhO
0
H H
OTBDMS
0
(232)
99
c i s - 4 - [ l - ( t _ - B u t y l d i m e t h y l s i l o x y ) e t h y l ] - l - [ ( f u r a n - 2 - y l )  
m e t h y l ] -3  - p h e n o x y - 2 - a z e t i d i n o n e  ( 2 3  2 )
I m i n e  ( 2 3 0 )  ( 2 2 3 m g ,  0 . 8 3 3  m m o l )  i n  C H 2 C1 2  ( 1 m l )  
w a s  t r e a t e d  w i t h  p h e n o x y  a c e t i c  a c i d  ( 1 2 0 m g ,  0 . 8 3 m m o l  in  
l m l  C H 2 C 1 2 ) i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  ( 0 . 3 5 m l ,  
2 . 5 0 m m o l )  a n d  p h e n y l  d i c h l o r o p h o  s p h a t e  ( 0 . 1 2 m l ,  
0 . 8 3 m m o l )  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  
p r e p a r a t i o n  o f  P - l a c t a m  ( 2 1 8 ) .
P u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  y i e l d e d  c i s |3- 
l a c t a m  ( 2 3 2 )  ( 2 8 6 m g ,  0 . 7 1 3 m m o l ,  8 6 %)  as  a c l e a r ,  v i s c o u s
o i l .
C a p i l l a r y  G . C .  s h o w e d  t h a t  l a c t a m  ( 2 3 2 )  w a s  a 
9 . 0 : 1  m i x t u r e  o f  d i a s t e r  e o i s o m e r s .
[ a ] £ °  - 2 9 . 1 °  (c 1 . 13 ,  M e O H )
v m a x  ( CHC 1 3 ) 1 7 6 0  c m 1
F o u n d :  M - C 4 H 9 , 3 4 4 . 1 2 9 4 .  C 2 2 H ^  j N O ^ S i - C ^ H ^
r e q u i r e s  3 4 4 . 1 3 1 8 1 .
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(P.P.M) Multiplicity
2
O-C(Ar)
Furan-2-C
Furan-5-C
2 - C6H5 
—"C6H5
—-C6H5 
Furan-4-C
Furan-3-C
3
CHCH„
g h 2n
C <CH3>3
CHCHg
C <CH3>3
SiCH.
166.73
157.74 
149.09
142.50
129.50 
122.21 
115.91 
110.34 
108.46
79.89
68.88
62.06
38.42
25.84
21.50
17.91
-4.14
-4.43
H
Furan-5-H
—-C6H5
—-C6H5
—~C6H5 
Furan-4-H
Furan-3-H
3
CH2N
CHCHo
4
CHCHg
C <CH3)3
SiCH„
(P.P.M)
7.37
7.27 
7.09 
7.00 
6.33
6.27 
5.12 
4.86
4.29
4.24
3.65
1.22
0.92
0.13
0.12
J (Hz)
0.81,1.82
7.33.8.51
8.51
7.29
1.88.3.19 
0.82,3.21
5.19 
15.57
15.40
6.20,7.2
5.18,7.33
6.14
Multiplicity
d,d
d,d
d
t
d,d
d,d
d
d
d
d,q 
d , d 
d 
s 
s
(233)
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c i s - l - [ ( F u r a n - 2 - y l ) m e t h y l ] - 4 - [ l - ( h y d r o x y ) e t h y l ] - 3 -  
p h e n o x y - 2 - a z e t i d i n o n e  ( 2 3 3 ) .
(A)  F r o m  T B D M S  e t h e r  ( 232 )
T o  s i l y l  e t h e r  ( 2 3 2 )  ( 7 4 5 . 3 m g ,  1 . 8 5 5 9 m m o l )  i n  T H F
( 4 0 m l )  w a s  a d d e d  t e t r a b u t y  l a m m o n i u m  f l u o r i d e  t r i h y d r a t e  
( 8 1 8 m g ,  2 . 5 6  m m o l )  a n d  t h e  r e s u l t i n g  s o l u t i o n  w a s
s t i r r e d  f o r  14 h .  T h e  s o l v e n t  w a s  t h e n  r e m o v e d  i n
v a c u o . E t h y l  a c e t a t e  ( 4 0 m l )  w a s  a d d e d  t o  t h e
r e s u l t a n t  a m o r p h o u s  s o l i d  a n d ,  a f t e r  f i l t r a t i o n ,  t h e  
s o l v e n t  w a s  o n c e  m o r e  r e m o v e d .
T h e  c r u d e  a l c o h o l  t h u s  p r o d u c e d  w a s  p u r i f i e d  b y  
c h r o m a t o g r a p h y  t o  g i v e  B - l a c t a m  ( 2 3 3 )  ( 4 6 5 . 3 m g ,
1 . 6 1 9 m m o l ,  8 7 % )  as  a c l e a r  v i s c o u s  o i l .
20
[ a ] D - 2 6 . 2 °  ( c . 0 . 8 9 ,  C H 3 O H ) .
(B)  F r o m  T B D P S  e t h e r  ( 2 6 2 ) .
T o  s i l y l  e t h e r  ( 2 6 2 )  ( 6 8 . 6 m g ,  0 . 1 3 0 4 m m o l )  i n  T H F
( 3 0 m l )  w a s  a d d e d  T B A F  ( 5 8 m g ,  0 .  1 8 2 m m o l ,  1 . 4 0
e q u i v a l e n t s )  a n d  t h e  r e s u l t i n g  s o l u t i o n  w a s  s t i r r e d  f o r  
14 h .  T h e  r e a c t i o n  w a s  t h e n  w o r k e d  u p  a s  i n  t h e
d e s i l y  l a t i o n  o f  s i l y l  e t h e r  ( 2 3 2 ) .  P u r i f i c a t i o n  o f  t h e
r e s u l t i n g  c r u d e  p r o d u c t  b y  c h r o m a t o g r a p h y  g a v e  a l c o h o l
( 2 3 3 )  ( 3 6 . 0 m g ,  0 . 1 2 5 2 m m o l ,  9 6 % ) .
[ a ] D - 3 3 . 6 °  (c .  0 . 9 8 ,  C H 3 O H ) .
v m a x  ( C H C 13 > 3 4 8 0  c m _ 1 > 1 7 6 0  c m " 1 .
F o u n d :  M + , 2 8 7 . 1  1 4 5 .  C 1 6 H 1 7 N 0 4  r e q u i r e s
287.11576.
102
(P.P.M) Multiplicity
2
O-C(Ar)
Furan-2-C
Furan-5-C
— _C6H5
— ”C6H5
— _C6H5 
Furan-4-C
Furan-3-C
3
CHOH
4
CH2N
CH_
165,96
157.37
148.98 
142.70 
129.64 
122.82 
115.82
108.98 
108.80
80.41
67.24
62.37
38.59
19.88
H (P.P.M) J (Hz) Multiplicity
Furan-5-H
~ -C6H5
— -C6H5
£ - C6H5
Furan-4-H
Furan-3-H
3
CH2N
-CH(OH)
4
CH„
7,39
7.30 
7,09 
7.02 
6.35
6.31 
5.21 
4.80
4.41
4.19
3.73
1.30
1.82,0.80
7.21,8.97
8.87
7.26
1.86,3.23
0.63,3.19
5.17
5.17
5.19
6.65,5.21
5.20,5 .19
6.51
d,d 
d, d 
d 
t
d,d 
d , d 
d 
d
d
m
d, d 
d
/
P h
, O C O C H  (S)  
H H I  \  v 1
O A c
(235)
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c i s  - 4 - [ l - ( a - A c e t o x y - a - p h e n y l ) a c e t o x y e t h y l - l - [ ( f u r a n - 2 -  
y l ) m e t h y l ] - 3 - p h e n o x y - 2 - a z e t i d i n o n e  ( 2  35  ) .
T o  a s o l u t i o n  o f  a l c o h o l  ( 2 3 3 )  ( 6 9 . 9 m g ,  0 . 2 4 3 3
m m o l )  in  C H 2 C I 2 ( 0 . 2 m l )  w a s  a d d e d  D M A P  ( 3 m g ,  0 . 0 2 5 m m o l ,  
0 . 1 0  e q u i v a l e n t s )  i n  C H 2 C12 ( 0 . 2 m l )  a n d  D - O - a c e t y l -  
m a n d e l i c  a c i d 7 4  ( 2 3 4 )  ( 4 8 m g ,  0 . 2 5 0 m m o l ,  i n  0 . 2 m l
C H 2 C I 2 ). T h e  s o l u t i o n  w as  c o o l e d  to 0 ° C  a n d  D C C  ( 5 0 m g ,  
0 . 2 5 0 m m o l )  i n  C H 2 C I 2 ( 0 . 2 m l )  w a s  a d d e d ,  d r o p w i s e ,  o v e r  8 
m i n .  T h e  r e a c t i o n  w a s  s t i r r e d  f o r  a f u r t h e r  4 8  h ,
w h e r e u p o n  i t  w a s  f i l t e r e d  t h r o u g h  C e l i t e  a n d  w a s h e d  
s e q u e n t i a l l y  w i t h  a q u e o u s  HC1  ( 0 . 5 M ,  5 m l ) ,  a q u e o u s
s o d i u m  c a r b o n a t e  ( 2 M ,  5 m l )  a n d  b r i n e  ( 1 0 m l ) .  T h e  
o r g a n i c  l a y e r  w a s  d r i e d  a n d  c o n c e n t r a t e d  i n  v a c u o . 
C h r o m a t o g r a p h y  g a v e  p u r e  e s t e r  ( 2 3 5 )  ( 1 0 2 . 4 m g ,
0 . 2 2 0 9 m m o l ,  9 1 % )  as  an  a m o r p h o u s  s o l i d .
20
[ « ] D
v m a x
+ 4 1 . 0  (c.  1 . 29 ,  C H 3 O H) .  
( C H C I 3 ) 1 7 6 0  c m ' 1
F o u n d :  M  + , 4 6 3 . 1 6 3 8 . 0 2 6 ^*2 5 ^ ^ 7  r e q u i r e s
4 6 3 . 1 6 3 1 0 .
HOMOCHIRAL
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c ( P. P. M)
2 170.42
°2CCH3 167.75
02CCH 165.74
O-C(Ar) 157.32
Furan-2-C 148.61
Furan-5-C 142.60
C-C(Ar) 133.00
”-C6H5-° 129.54
129.48
C-C6H5 129.24
128.74
p-C6H5-° 122.39
o-C.H.-O 115.66—  6 5
Furan-4-C 110.49
Furan-3-C 108.40
3 79,94
CHCHg 74,67
o2 cch 72.95
4 59,34
C H 2N 32.87
20.60
CH3u
17.43
Multiplicity
s
s
s
s
s
d
s
d
d
d
d
d
d
d
d
d
d
d
d
t
q
q
RACEMIC 105
c (P.P.M )
2 1 7 0 .4 2
1 7 0 .3 5
° 2 CCH3 1 6 7 .7 5
0 2CCH 1 6 5 .7 4  
1 6 5 .6 5  
1 5 7 .3 2
-O-C(Ar)
1 5 7 .2 4
1 4 8 .7 5
Furan-2-C
1 4 8 .6 1
1 4 2 .6 0
F uran-5-C
1 4 2 .5 0
1 3 3 .0 5
C-C(Ar)
1 3 3 .0 0
m-C6H5 - ° 1 2 9 .5 4  
1 2 9 .4 8  
1 2 9 .4 2
C- C6H5 1 2 9 .2 4
1 2 9 .1 3
1 2 8 .9 0
1 2 8 .7 4
£ - C6H5 - ° 1 2 2 .3 9
£ - C6H5 - °
1 1 5 .6 6
Furan -4 -C 1 1 0 .4 9
1 1 0 .3 3
Furan -3 -C 1 0 8 .7 2
1 0 8 .4 0
3 7 9 .9 4
7 9 .8 6
CHCHo
7 4 .6 7
7 4 .6 2
OgCCH- 7 2 .9 5
7 2 .7 1
4 5 9 .3 4
5 9 .3 1
M u l t i p l i c i t y
s
s
s
s
s
s
s
s
s
d
d
s
s
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
106
C (P.P.M) Multiplicity
CH2N 3 7 . 8 7 t
3 7 . 4 5 t
CT3 2 0 . 6 0 q
2 0 . 5 6 q
CH3 1 7 . 4 3 q
1 6 . 7 0 q
HOMOCHIRAL 107
H
C- C6H5
Furan-5-H
* V o
o - c 6Hg- °
E-C6H5 -°
Furan-4-H  
F u ra n -3 -H
“ - V o
CHCHo
3
CH2N
4
° 2 CCH3
CHCH3
(P.P.M) J (Hz) Multiplicity
7 . 49 -7 . 20 m
7. 08 - 6 , 92  -  m
6.35  1 . 80 , 3 . 25  d , d
6.30  0 . 8 8 , 3 . 2 3  d , d
5.91 -  s
5.32 6 . 2 4 , 8 . 3 5  d , q
5.22  5 .18 d
4.83 15.83 d
4.26 15.80 d
3.85 5 . 1 6 , 8 . 3 5  d , d
2 . 20  -  s
1 .37  6 .24 d
108
H
C-C6H5 
Furan-5-H
m-C H -0— 6 5
o -C6h5-°
£ - C6H5- °
Furan-4-H
Furan-3-H
CH-C6H5
CHCH3
3
g h 2n
4
ch2n
CHCH3
RACEMIC
(P,P,M) J (Hz) Multiplicity
7.53-7.17 - m
7.08-6.92 - m
6.38-6.24 - m
5.91 - s
5.87 - s
5.42-5.23 - m
5.22 5.17 d
5.12 5.24 d
4.83 15.82 d
4.29 15.85 d
4.26 15.79 d
3,85 5.16,8.33 d,d
3,81 5.21,7.94 d,d
3.20 15.79 d
2.20 - s
2.17 - s
1.37 6.24 d
1.13 7.38 d
OTBDMS
(237)
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3 - ( L - B u t y l d i m e t h y l s i l o x y ) - l - b u t e n e  ( 2 3 7 )
T o  a s o l u t i o n  o f  T B D M S C 1  ( 1 . 5 0 g ,  9 . 9 2 m m o l )  i n
C H 2 C I 2  ( 5 m l )  u n d e r  N 2 , w a s  a d d e d  w i t h  s t i r r i n g  
i m i d a z o l e  ( 0 . 7 8 g ,  1 1 . 4 3 m m o l )  in  C H 2 C12  ( 5 . 2 5 m l )  f o l l o w e d  
b y  r a c e m i c  3 - h y d r o x y - 1 - b u t e n e  ( 0 . 5 9 g ,  8 . 2 0 m m o l )  i n
C H 2 C12  ( 2 m l ) .
A f t e r  s t i r r i n g  a t  r o o m  t e m p e r a t u r e  o v e r n i g h t  t h e
r e a c t i o n  m i x t u r e  w a s  p o u r e d  o n t o  w a t e r  ( 1 0 m l )  a n d  t h e  
l a y e r s  s e p a r a t e d .  T h e  a q u e o u s  p h a s e  w a s  e x t r a c t e d
w i t h  C H 2 C I 2 ( 2 5 m l )  a n d  t h e  c o m b i n e d  o r g a n i c  p h a s e s  w e r e
w a s h e d  s e q u e n t i a l l y  w i t h  5 %  HC1  ( a q )  ( 1 5 m l ) ,  w a t e r  
( 1 5 m l )  a n d  b r i n e  ( 1 5 m l ) .  T h e  o r g a n i c  e x t r a c t  w a s  t h e n  
d r i e d  a n d  c o n c e n t r a t e d  i n  v a c u o . T h i s  y i e l d e d  a n  o i l  
w h i c h  w a s  p u r i f i e d  b y  d i s t i l l a t i o n  t o  y i e l d  p u r e  a l k e n e
( 2 3 2 )  ( 1 . 8 3 g ,  9 . 8 2 m m o l ,  9 9 % )  a s  a c l e a r  o i l ,  b . p .
5 2 ° C / 1 8 m m  Hg.
v m a x  ( C H C I 3 ) 1 640  c m ' 1
F o u n d :  M  + , 1 8 6 . 1 4 5 7 .  C 1 0 H 2 2 O S i  r e q u i r e s
1 8 6 . 1 4 3 9 9 .
c (P.P.M)
110
Multiplicity
H2C=CH 142.81 d
H2C=CH 112.38 t
CHCH3 69.50 d
C(CH3)3 25.88 q
CHCH3 24.22 q
C(CH3)3 18.31 s
-4.70 q
SiCH3
-4.86 q
H (P.P.M) J (Hz) Multiplicity
H2C=CH 5,84 5.12,10.35,17.12 d,d,d
H H
'C=C' 5.19 1.53,1.87,17.11 d,d,dH
£'/C=C'H 4.97 1.43,1.87,10.34 d,d,d
H
CHCH3 4,27 - m
CHCH 1.20 6.39 do
C(CH3)3 0.90 - s
SiCH3
0.05
0.05
OTBDMS
c o 2 c h 3
(239)
Ill
c i s - 4 - [ l - ( t _ - B u t y l d i m e t h y l s i l o x y ) e t h y l ] - 2 - o x o - 3 - p h e n o x y -  
1 - a z e t i d i n e a c e t i c  a c i d  m e t h y l  e s t e r  ( 2 3 9 ) .
W a t e r  ( 3 . 1 m l ) ,  C C 1 4  ( 3 . 1 m l ) ,  M e C N  ( 4 . 6 m l )  a n d  
s o d i u m  p e r i o d a t e  ( 0 . 8 1 g ,  3 . 7 6 m m o l )  w e r e  a l l  p l a c e d  i n  a 
c o n i c a l  f l a s k .  T h e  m i x t u r e  w a s  s t i r r e d  v i g o r o u s l y  f o r  
30  m i n  w h e r e u p o n  r u t h e n i u m  d i o x i d e  ( l m g ,  0 . 0 6 8 m m o l )  w as  
a d d e d  a n d  v i g o r o u s  s t i r r i n g  c o n t i n u e d  f o r  a f u r t h e r  3 0  
m i n .
T o  t h i s  m i x t u r e  w a s  a d d e d  p - l a c t a m  ( 2 3 2 )  ( 1 0 1 . 5 m g ,
0 . 2 5 2 8 m m o l )  i n  M e C N  ( 1 m l ) .  T h e  r e a c t i o n  w a s  s t i r r e d  
v i g o r o u s l y  o v e r n i g h t .  A f t e r  d i l u t i o n  w i t h  w a t e r  ( 1 0 m l )  
t h e  m i x t u r e  w a s  e x t r a c t e d  w i t h  C H C l ^  (3 x 2 5 m l ) .  T h e  
c o m b i n e d  o r g a n i c  e x t r a c t s  w e r e  d r i e d  a n d  c o n c e n t r a t e d  in  
v a c u o  t o  y i e l d  c r u d e  a c i d  ( 2 3 8 ) .  1 H n m r  s p e c t r o s c o p y  
s h o w e d  a n  a b s e n c e  o f  f u r a n  r e s o n a n c e s .
N o  a t t e m p t  w a s  m a d e  to  p u r i f y  o r  c h a r a c t e r i s e  t h i s  
a c i d .  I n s t e a d  t h e  c r u d e  a c i d  w a s  c o n v e r t e d  d i r e c t l y  
i n t o  m e t h y l  e s t e r  ( 2 3 9 ) .
A c i d  ( 2 3 8 ) w a s d i s s o l v e d  i n  e t h e r  r m e t h a n o l ( 1 : 1 )
a n d  d i a z o m e t h a n e w a s b u b b l e d  t h r o u g h  t h e  s o l u t i o n u n t i l
a y e l l o w  c o l o u r p e r s i s t e d .  T h e  r e a c t i o n  w a s t h e n
s t i r r e d  f o r  14  h . A f t e r  f i l t r a t i o n  t h r o u g h  C e l i t e  t h e
s o l v e n t  w a s  r e m o v e d in  v a c u o  t o  y i e l d  t h e  c r u d e e s t e r .
P u r i f i c a t i o n  b y c h r o m a t o g r a p h y  y i e l d e d  e s t e r ( 2 3 9 )
[ 8 2 . 3 m g ,  0 . 2 0 9 3  m m o l , 8 3 %  f r o m  f u r a n  ( 2 3 2 ) ] .
[ a - 5 . 4°  (c .  0 . 5 6 ,  M e O H )
v m a x  ( c h c 13 > 1 7 6 5  c m " 1 , 1 725  c m - 1 .
F o u n d :  M - M e ,  3 7 8 . 1 7 4 5 .  C 2 0 H 3 1 N O 5 S i - M e  r e q u i r e s  
378.17367.
cC02CH3
2
O-C(Ar)
— _C6H5 
£ - C6H5
—_C6H5
3
c h c h 3
4
C02CH3
CH2N
C(CH3>3
CHCH3
C(CH3) 3
SiCH3
(P.P.M)
168.46
167.33
157.70
129.63
122.31
115.89
80.18
69.38
62.96
52.31
42.80
25.76
21.23
17.83
-4.06
-4.45
Multiplicity
s
s
s
d
d
d
d
d
d
q
t
q
q
s
q
q
(P.P.M)
* * 6 * 5
— ~C6H5 
—_C6H5
CH2N
CHCH.
CH N 
2
C02CH3
CHCH„
C <CH3)3
SiCH.
7.30 
7.10 
7.01 
5.29 
4.44 
4.24 
3.96 
3.94 
3.74 
1.21 
0 . 8 8  
0.11  
0.08
J (Hz) Multiplicity
7.20,8.75
8.77
7.23
5.23
17.96 
6.02,8.35
17.96 
5.10,8.33
d, d
d
t
d
d
d,q
d
d, d
6.03
CCUE+ 
z O T B D M S
0
= j
(240 )
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c i s - 4 - [ l - ( t _ - B u t y l d i m e t h y l s i l o x y ) e t h y l ] - l - [ ( f u r a n - 2 - y l )
m e  t h y  1] -  3 - [ ( a - m e t h y l - p - e t h o x y  c a r b o n y l  ) v i n y l a m i n o ] -
2 - a z e t i d i n o n e  ( 2 4 0 )
I m i n e  ( 2 3 0 )  ( 2 1 7 . l m g ,  1 . 0 3 9 m m o l )  i n  C H 2 C12  ( 2 . 5 m l )  
w a s  r e a c t e d  w i t h  f r e s h l y  p r e p a r e d  D a n e  s a l t  ( 2 1 4 ) 7 ® 
( 2 3 4 m g ,  1 . 0 3 9 m m o l  i n  2 . 5 m l  C H 2 C12 ) i n  t h e  p r e s e n c e  o f
t r  i e t h  y 1 a m i n e ( 0 . 4 1 m l ,  3 . 1 2 m  m  o 1 ) a n d  p h e n y l
d i c h l o r o p h o s p h a t e  ( 0 . 1 5 m l ,  1 . 0 4 m m o l )  u s i n g  t h e  p r o c e d u r e
d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  P - l a c t a m  ( 2 1 9 ) .
P u r i f i c a t i o n  o f  t h e  c r u d e  p r o d u c t  b y  c o l u m n  
c h r o m a t o g r a p h y  y i e l d e d  l a c t a m  ( 2 4 0 )  ( 3 3 5 . 2 m g ,  0 , 8 8 6  mmol
8 6 % )  as  a c l e a r  v i s c o u s  o i l .
C a p i l l a r y  G . C  o f  c o m p o u n d  ( 2 4 0 )  s h o w e d  t h a t  i t  w a s  
a 2 1 : 1  m i x t u r e  o f  d i a s t e r e o i s o m e r s .
[ a ] p  + 2 6 . 5 °  (c.  1 . 98 ,  C H 3 O H )
v m a x  <C H C 13 > 1 7 6 0  c m " 1* 1 6 5 5  c m " 1 , 1 6 2 0  c m ' 1
F o u n d :  M + , 4 3 6 . 2 3 9 2 .  C 2 2 H 3 6 N 2 ° 5 S i  r e q u ires  4 3 6 . 2 3 9 3 4 .
C (P.P.M) Multiplicity
C02CH 169.95 s
2 167.10 s
NC=C 159.07 s
Furan-2-C 149.06 s
Furan-5-C 142.40 d
Furan-4-C 110.28 d
Furan-3-C 108.38 d
N-C=CH 86.22 d
CHCHg 69.68 q
3 62.43 d
4 60.34 d
C02_CH2 58.57 t
CH2N 38.40 t
C(CH3)3 25.77 q
CH3 20.53 q
CH3 19.42 q
C(CH3)3 17’84 8
CH3 14.40 q
-4.20 q
SiCH
-4.47 q
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H
NH
Furan-5-H 
Furan-4-H 
Furan-3-H
gh2n
3
N-C=CH
CH2N
CH2CH3
CHCH.
NC(CH3)=C
CH2CH3
CHCH„
C <CH3>3
SiCH.
(P.P.M)
8.93
7.33
6.29
6.21
4.75
4.73
4.55
4.21
4.05
4.05 
3.48 
1.88 
1.20
1.05 
0.89 
0 . 1 0  
0 . 1 0
J (Hz)
10.30 
0.83,1.85
1.85,3.16 
0.86,3.17
15.30
5.16,10.35
15.45
7.10
5.16,8.21
7.11 
6.10
Multiplicity
d
d, d 
d, d 
d,d 
d
d,d
s
d
q
m
d,d
s
t
d
0(241)
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c i s - l - [ ( F u r a n - 2 - y l ) m e t h y l ] - 4 - [ l - h y d r o x y e t h y l ] - 3 -
[ ( a - m e t h y l - | 3 - e t h o x y c a r b o n y  l ) v i n y l a m i n o ]  - 2 -
a z e t i d i n o n e  ( 2 4 1 )
S i l y l  e t h e r  ( 2 4 0 )  ( 2 0 1 . 8 m g ,  0 . 4 6 2 1  m m o l )  i n  T H F
( 4 0 m l )  w a s  r e a c t e d  w i t h  t e t r a b u t y l a m m o n i u m  f l u o r i d e  
( 2 0 4 m g ,  0 . 6 4 7 m m o l )  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  
p r e p a r a t i o n  o f  a l c o h o l  ( 2 3 3 ) .
P u r i f i c a t i o n  b y  c o l u m n  c h r o m a t o g r a p h y  y i e l d e d  
a l c o h o l  ( 2 4 1 )  ( 1 3 5 . 8 m g ,  0 . 4 2 1 3 m m o l ,  9 1 % )  as  a c l e a r
v i s c o u s  o i l .
2 0  «[ a ] D - 1 5 . 4 °  (c .  1 . 52 ,  C H 3 O H ) .
v m a x  ( C H C I 3 ) 3 6 0 0  c m " 1 , 3 2 8 0  c m " 1 , 1 7 6 0  c m "1 
1 6 5 0  c m " 1 , 1 6 1 0  c m ' 1
F o u n d :  M  + , 3 2 2 . 1 5 1 9 .  C 1 6 H 2 2 N 2 ° 5  r e q u i r e s
3 2 2 . 1 5 2 8 7 .
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C (P.P.M) Multiplicity
C02CH2 170.08 s
2 167.64 s
N-C=C 159.22 s
Furan-2-C 149.11 s
Furan-5-C 142.61 d
Furan-3-C 110.53 d
Furan-4-C 108.71 d
N-C=CH 86.11 d
CH-CH3 66.46 d
3 62.83 d
4 60.82 d
C02-CH2 58.66 t
CH N 38.72 tA
CH 21.26 qo
CH 19.82 q
CH 14.46 qo
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H (P.P.M) J (Hz) Multiplicity
NH 9.07 10.71 d
Furan-5-H 7.36 0.88,1.87 d,d
Furan-4-H 6.32 1.84,3.23 d,d
Furan-3-H 6.27 3.21,0.85 d, d
3 4.79 5.26,10.68 d,d
c h 2n 4.69 15.66 d
C=CH 4.55 - s
CH2N 4.39 15.72 d
CH-CH3 4.20 - m
CH2-CH3
4.04 6.45 q
4 3.63 4.65,5.19 d, d
OH 2.75 - s
c=c -c h 3 1.91 - s
CV CH3 1.21 6.43 q
/CCUE+ / Ph
2  h O C O C H ( S )
N H v i —  Q A c
0
0
1 = /
(242)
120
c i s  - 4 - [ l - ( c x - A c e t o x y - a - p h e n y l ) a c e t o x y e t h y l ] - l - [ ( f u r a n -
2 - y l ) m e t h y l ] - 3 - [ ( a - m e t h y l - p - e t h o x y c a r b o n y l ) v i n y l a m i n o ] -
2 - a z e t i d i n o n e  ( 2 4 2 ) .
T o  a s o l u t i o n  o f  a l c o h o l  ( 2 4 1  ) ( 7 9 . 2 m g ,
0 . 2 4 5 6 m m o l )  i n  C H 2 C I 2  ( 0 . 2 m l )  w a s  a d d e d  D M A P  ( 3 m g ,  
0 . 0 2 5 m m o l )  i n  C H 2 C I 2 ( 0 . 2 m l )  a n d  ( S ) - O - a c e t v l m a n d e l i c  
a c i d 7 4  ( 2 3 4 )  ( 4 8 m g ,  0 . 2 5 m m o l ,  i n  0 . 2 m l  C H 2 C 1 2 ).  T h e  
f l a s k  w a s  c o o l e d  t o  0 ° C  a n d  D C C  ( 5 0 . 1 m g ,  0 . 2 5 m m o l )  in 
C H 2 C I 2 ( 0 . 2 m l )  w a s  a d d e d ,  d r o p w i s e ,  o v e r  8 m i n .  T h e  
r e a c t i o n  w a s  s t i r r e d  f o r  a f u r t h e r  48  h w h e r e u p o n  i t  w a s  
f i l t e r e d  t h r o u g h  C e l i t e  a n d  w a s h e d  s e q u e n t i a l l y  w i t h  
a q u e o u s  HC1 ( 0 . 5 M ,  5 m l )  a q u e o u s  s o d i u m  c a r b o n a t e  ( 2 M ,  
5 m l )  a n d  t h e n  b r i n e  ( 5 m l ) .  T h e  o r g a n i c  l a y e r  w a s  d r i e d  
a n d  c o n c e n t r a t e d  i n  v a c u o  t o  g i v e  t h e  c r u d e  e s t e r .  
C h r o m a t o g r a p h y  g a v e  p u r e  e s t e r  ( 2 4 2 )  ( 1 0 8 . 9 m g ,
0 . 2 1 8 6 m m o l ,  8 9 % )  as  an  a m o r p h o u s  s o l i d .
20
[oc]d + 4 8 . 3 °  ( c . 0 . 8 6 ,  C H 3 O H )
v m a x  ( c h c 13 > 3 6 8 0  c m " 1 , 1 7 6 0  c m " 1, 1 655  c m ' 1
1 6 2 0  c m ' 1
F o u n d :  M  + , 4 9 8 . 2 0 0 6 .  C 2 6 H 3 0 N 2 ° 8  r e q u i r e s
4 9 8 . 2 0 0 2 1 .
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HOMOCHIRAL
c (P.P.M) Mi
C02CH 170.15 s
C02-CH 169.91 s
C02CH2 167.65 s
2 166.30 s
NH-C=C 158.49 s
Furan-2-C 148.85 s
Furan-5-C 142.59 d
CH-C(Ar) 133.41 s
— -C6H5 129.21 d
—-C6H5 128.90 d
— _C6H5 127.45 d
Furan-3-C 110.48 d
Furan-4-C 108.68 d
NH-C=CH 87.03 d
CHCH
o 74.45 d
02CCH 72.54 d
4 60.82 d
3 60.29 d
C02CH2 58.80 t
CH2N 37.91 t
20.62 q
19.36 q
CH3 16.46 q
14.43 q
ultiplicity
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RACE MATE
c (P.P.M) Mi
170.88 s
C02CH 170.38 s
C02CH 170.15 s
C02CH2 169.92 s
167.65 s
2 166.30 s
158.51 s
NH-C=C
158.41 s
Furan-2-C 148.75 s
Furan-5-C
142.61 d
142.48 d
-CH-C(Ar)
133.41 s
133.17 s
129.03 d
—-C6H5 129.22 d
129.03 d
— -C6«5
128.97 d
127.97 d
£-C6H5
127.51 d
Furan-3-C 110.49 d
110.32 d
Furan-4-C 108.69 d
108.34 d
NH-C=CH 87.12 d
87.02 d
chch3 74.66 d
74.45 d
o2cch 74.01 d
72.56 d
4 60.80 d
4 60.74 d
3 60.28 d
3 60.23 d
C02CH2
58.88 t
58.82 t
ultiplicity
Multiplicity
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HOMOCHIRAL
NH
Furan-5-H
C6H5
Furan-4-H
Furan-3-H
CH-Ph
CHCH_
ch2n
N-C=CH
CH2CH3
CH2N
°2CCH3
C(CH3)=CH
CH2CH3
CHCH„
(P.P.M)
9.02
7.45-7.34
6.33
6.27
5.99
5.08
4.84
4.73
4.57
4.19
4.05
3.70
2.19 
1.86
1.23 
1.01
J (ILz) 
10.60
Multiplicity
1.83,3.25
0.80,3.24
6.33.7.87 
5.14,10.55
16.14
7.14 
16.09
5.12.7.88
7.14
6.32
m
d, d 
d , d  
s
d,q
d , d
d
s
q
d
d , d
s
s
t
d
HNH
Furan-5-H
C6H5
Furan-4-H
Furan-3-H
CH-Ph
CHCHg
3
CH2N
N - O C H
CH2CH3
Ch 2n
4
°2CCH3
C(CH3)=CH
CH2CH3
CHCH3
RACEMATE
(P.P.M) J (Hz) Multiplicity
9.02 10.60 d
8.97 10.60 d
7.45-7.34 m
6.33 — m
6.27 - m
5.99 - s
5.92 - s
5.07 - m
4.85 5.13,10.62 d,d
4.82 5.14,10.61 d ,d
4.75 16.13 d
4.72 16.05 d
4.58 - s
4.19 7.15 q
4.05 16.11 d
4.04 16.14 d
3.71 5.13,7.90 d,d
3.69 5.13,7.91 d,d
2.19 - s
2.16 - s
1.86 - s
1.84 - s
1.23 7.14 q
1.23 7.14 q
1.01 6.31 d
0 IN
(243)
1
C02CH3
126
c i s - 4 - A c e t o x y - 2 - o x o - 3 - [ ( p h e n o x y ) a c e t a m i d o ] - l -  
a z e t i d i n e a c e t i c  a c i d ,  m e t h y l  e s t e r  ( 2 4 3 ) .
[ 3 - L a c t a m  ( 2 5 5 )  ( 2 1 . 5 m g ,  0 . 0 6 4 m m o l )  w a s  r e a c t e d
w i t h  m C P B A  ( 4 5 m g ,  0 . 2 5 7 m m o l )  i n  r e f l u x i n g  b e n z e n e  ( 1 0 m l )  
u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  4 -  
a c e t o x y  [ 3 - l a c t a m  ( 2 2 3 ) .  P u r i f i c a t i o n  b y  c o l u m n
c h r o m a t o g r a p h y  g a v e  t h e  d e s i r e d  l a c t a m  ( 2 4 3 )  ( 2 1 . 0 m g ,
0 . 0 5 9 9 m m o l ,  9 3 % )  as  a c l e a r  o i l .
[ a ] p °  + 1 6 . 0 °  (c 0 . 8 9 ,  C H 3 O H )
v m a x  ( C H C I 3 ) 3 4 2 0 c m " 1 , 1 7 8 0 c m " 1 , 1 7 5 0 c m " 1 ,
1 7 0 0 c m " 1 , 1 6 0 0 c m " 1
F o u n d :  M  + , 3 5 0 . 1  1 2 1 .  C 1 6 H 1 8 N 2 ° 7  r e q u i r e s
3 5 0 . 1 1 1 4 .
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(P.P.M) Multiplicity
NHCO
2
°2CCH3
C°2*"CH3
O-C(Ar)
— _C6H5 
— ”C6H5
— ~C6H5
CH2°
C02CH3
CH2N
° 2C- CH3
170.92 
168.33 
168.05 
166.40 
157.01 
129.86 
122.38 
114.64 
79.57 
67.22 
58.43 
52.66 
42.79 
20.47
— _C6H5 
NH
—_C6H5
—~C6H5 
4
3
CH2°
CH2N
C02CH3
°2CCH3
(P.P.M)
7.35
7.23
7.02
6.93
6.17
5.71
4.61
4.52
4.20
3.95 
3.75
1.96
J (Hz)
7.53,7.69
9.65 
7.50
7.66 
4.18
4.16,9.67
15.33
15.41
17.95
17.91
Multiplicity
d,d
d
d,d
d
d
d,d
d
d
d
c N H
H H OAc
I K
0
N
0
(244)
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c i s - 3 - a c e t a m i d o - 4 - [ l - ( a c e t o x y ) e t h y l ] - l - [ ( f u r a n -
2 - y l ) m e t h y l ] - 2 - a z e t i d i n o n e  ( 2 4 4 ) .
T o  a d r y  r o u n d  b o t t o m  f l a s k  w i t h  s i d e  a r m ,  u n d e r  
n i t r o g e n ,  w a s  a d d e d  m e t h a n o l  ( 0 . 9 1 6 m l ) .  T h e  f l a s k  w a s  
t h e n  c o o l e d  t o  0 ° C  a n d  a c e t y l  c h l o r i d e  ( 1 4 4 m g ,  1 3 0 p l ,
1 . 8 3 2  m m o l )  w a s  a d d e d  d r o p w i s e .
A f t e r  s t i r r i n g  f o r  5 m i n  t h e  i c e - b a t h  w a s  r e m o v e d  
a n d  p - l a c t a m  ( 2 4 0 )  ( 2 0 0 . 3 m g ,  0 . 4 5 8 1  m m o l )  i n  m e t h a n o l
( l m l )  w a s  a d d e d  d r o p w i s e .  A f t e r  s t i r r i n g  f o r  10 m i n  at  
r o o m  t e m p e r a t u r e  t h e  s o l v e n t  w a s  r e m o v e d  i n  v a c u o , to 
y i e l d  a y e l l o w ,  v i s c o u s  o i l ,  s m e l l i n g  s t r o n g l y  o f  e t h y l  
a c e t o a c e t a t e .  W a s h i n g  w i t h  p e n t a n e  (3 x 2 5 m l )  g a v e  a 
w h i t e  s o l i d  w h i c h  w a s  s t i r r e d  o v e r n i g h t  i n  2 : 1  a c e t i c
a n h y d r i d e  : p y r i d i n e  ( 1 5 m l ) .
T h e  s o l v e n t  w a s  r e m o v e d  b y  a z e o t r o p i c  d i s t i l l a t i o n
u s i n g  t o l u e n e  t o  g i v e  t h e  c r u d e  p r o d u c t .
P u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  g a v e  l a c t a m  ( 2 4 4 )  
( 1 2 7 .  l m g ,  0 . 4 3 2 0  m m o l ,  9 4 % )  as  a c l e a r  v i s c o u s  o i l .
[ a ] p  + 2 8 . 2 °  (c 1 . 31 ,  C H 3 O H ) .
v m a x  ( C H C I 3 ) 1 7 6 0  c m " 1 , 1 7 4 0  c m " 1 , 1 6 90  c m ' 1
1 5 0 5  c m " 1 .
F o u n d :  M  + , 2 9 4 . 1 2 0 6 .  C 1 4 H 1 8 N 2 ° 5  r e q u i r e s
2 9 4 . 1 2 0 7 2 .
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c (P.P.M) Multiplicity
OCOCHg 170.81 s
NCO 170.25 s
2 167.11 s
Furan-2-C 148.53 s
Furan-5-C 142.51 d
Furan-3-C 110.49 d
Furan-4-C 108.29 d
c h -c h 3 71.24 d
3 60.44 d
4 56.96 d
CH2N 38.86
t
“ a 21.57 q
CH3
21.14 q
CH3 17.19 q
H (P.P.M) J (Hz) Multiplicity
NH 7.58 8.59 d
Furan-5-H 7.33 0.83,1.85 d , d
Furan-4-H 6.30 1.87,3.24 d ,d
Furan-3-H 6.22 0.77,3.24 d,  d
3 5.32 5.10,8.58 d , d
c h -c h 3 4.94 6.26,8.71 d ,q
4.62 15.86 d
CH2N 4.13 15.70 d
3.72 5.09,8.71 d ,d
COCH3 2.00 - s
COCHg 1.97 - s
CH-CH 1.10 6.24 d
PhOCH^OCNH^
0
0 C 0 C H 9 0 P h  
H H • 1
N-
0
( 2 4  G)
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c i s - l - [ ( F u r a n - 2 - y l ) m e t h y l ] - 3 - p h e n o x y a c e t a m i d o - 4 -
[ l - ( p h e n o x y a c e t o x y ) e t h y l ] - 2 - a z e t i d i n o n e  ( 2 4 6 )
[ 3 - L a c t a m  ( 2 4 0 )  ( 2 0 5 . 3 m g ,  0 . 4 6 9 5  m m o l )  i n  m e t h a n o l  
( l m l )  w a s  t r e a t e d  w i t h  m e t h a n o l i c  HC1  [ f r o m  0 . 9 1 6 m l  
m e t h a n o l  a n d  a c e t y l  c h l o r i d e  ( 1 3 0 p . l ,  1 . 8 3 2  m m o l ) ] ,  as
d e s c r i b e d  i n  t h e  p r e p a r a t i o n  o f  [ 3 - l a c t a m  ( 2 4 4 ) .
T h e  r e s u l t i n g  h y d r o c h l o r i d e  s a l t  w a s  d i s s o l v e d  i n  
C H 2 C I 2 ( 2 0 m l )  a n d  p h e n o x y a c e t y l  c h l o r i d e  ( 0 . 1 6 9 m g ,  109[ i l  
0 . 9 8 6  m m o l )  t r i e t h y l a m i n e  ( 1 9 6 | i l ,  1 . 4 0 8 m m o l )  a n d  D M A P
( 1 2 m g ,  O . l m m o l ,  i n  2 m l  C H 2 C I 2 ) w e r e  a d d e d  t o  t h e  
s o l u t i o n .
A f t e r  s t i r r i n g  f o r  2 h  t h e  s o l v e n t  w a s  r e m o v e d  in  
v a c u o . E t h y l  a c e t a t e  ( 2 5 m l )  w a s  a d d e d  a n d  t h e  m i x t u r e  
w a s  f i l t e r e d  t h r o u g h  C e l i t e .  C o n c e n t r a t i o n  o f  t h e
f i l t r a t e  g a v e  t h e  c r u d e  p r o d u c t .
P u r t i f i c a t i o n  b y  c o l u m n  c h r o m a t o g r a p h y  g a v e  l a c t a m  
( 2 4 6 )  ( 2 1 6 . 6 m g ,  0 . 4 5 3 1 m m o l ,  9 6 % ) ,  a s  a c l e a r  v i s c o u s
o i l .
[cc]d° + 3 9 . 3 °  (c  0 . 8 1 ,  C H 3 O H )
v m a x  ( C H C I 3 ) 3 4 1 0  c m " 1 , 1 765  c m ' 1 , 1 6 9 0  c m "1
1 6 0 0  c m "1
F o u n d :  M  + , 4 7 8 . 1 7 4 8 .  C 2 6 H 2 6 N 2 ° 7  r e q u i r e s
4 7 8 . 1 7 3 9 9 .
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C (P.P.M) Multiplicity
CH2C02 169.04 s
NCO 167.96 s
2 166.01 s
O-C(Ar) 157.41 s
O-C(Ar) 156.86 s
Furan-2-C 148.40 s
Furan-5-C 142.55 d
m-C_H_ 129.58 d— 6 5
m-C_HC 129.45 d
—  6 5
p-C6H5 121.99 d
p-C H_ 121.67 d
6 5
o-C H_ 114.53 d
—  6 5
o - C H  114.35 d
—  6 5
Furan-3-C 110.46 d
Furan-2-C 108.55 d
CHCHg 71.04 d
CH20 66.88 t
CH 0 65.21 t
A
3 60.08 d
4 56.55 d
CH N 38.73 tJi
CH 17.46 qo
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H (P.P.M) J (Hz) Multiplicity
NH 8.07 8.47 d
Furan-5-H 7.34 0.85,1.84 d,d
m-C H 7.26-7.18 - m— 6 5
p-C H 6.96 7.28 t— b o
o - C H  6.90-6.78 - m— 6 5
Furan-4-H 6.31 1.85,3.22 d,d
Furan-5-H 6.25 0.67,3.22 d,d
3 5.30 5.17,8.45 d,d
CHCH 5.07 6.34,6.55 d,qo
CH N 4.61 15.85 dz
CH 0 4.55 - sz
CHgO 4.45 - s
CH N 4.10 15.89 d
z
4 3.79 6.60,5.18 d,d
CH 1.18 6.38 d
P h O C H ?O C N H
0
O C O C H 0 O P h  
H H » 2
C O ? CH
(248)
133
cis 2 Oxo 3 p h e n o x y a c e t a m i d o -4- 1 - (pheno xyace toxy)ethy l
1 -a ze tidineacet ic acid methyl ester (248).
8- L a c t a m  ( 2 4 6 )  ( 2 3 2 . l m g ,  0 . 4 8 5 1 m m o l )  w a s  o x i d i s e d  
u s i n g  r u t h e n i u m  d i o x i d e  ( 2 m g ,  0 . 1 3 1 m m o l )  a n d  s o d i u m
p e r i o d a t e  ( 1 . 5 5 g ,  7 . 2 1 m m o l )  i n  w a t e r  ( 5 . 9 5 m l ) ,  C C I 4
( 5 . 9 5 m l )  a n d  M e C N  ( 8 . 8 3 m l )  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  
f o r  t h e  p r e p a r a t i o n  o f  a c i d  ( 2 3 8 ) .  T h e  c r u d e  a c i d  t h u s  
p r o d u c e d  w a s  c o n v e r t e d  d i r e c t l y  i n t o  m e t h y l  e s t e r  ( 2 4 8 )  
u s i n g  d i a z o m e t h a n e ,  as  d e s c r i b e d  i n  t h e  p r o c e d u r e  f o r  
t h e  p r e p a r a t i o n  o f  m e t h y l  e s t e r  ( 2 3 9 ) .
C h r o m a t o g r a p h y  g a v e  e s t e r  ( 2 4 8 )  ( 1 7 8 . 5 m g ,
0 . 3 7 9 3 m m o l ,  7 8 % ) ,  as  a c l e a r  o i l .
[ a ] D °  + 3 9 . 3 °  (c 0 . 8 1 ,  C H 3 O H ) .
v m a x  ( C H C I 3 ) 1 770  c m " 1, 1 7 5 0  c m ' 1 , 1 6 9 0  c m "1
1 6 0 0  c m "1
F o u n d :  M  + , 4 7 0 . 1 6 9 5 .  C 2 4 H 2 6 N 2 ° 8  r e q u i r e s
4 7 0 . 1 6 8 9 1 .
c (P.P.M)
134
Multiplicity
c0 2CH3 1 6 9 . 0 7  s
NCO 1 6 8 . 4 2  s
2 167.94 s
c o 2ch 166.57 s
-O-C(Ar) 157,31 s
-O-C(Ar) 156,92 s
^ c6h5 129.86 d
H-c6h5 129.53 d
£-C6H5 122.14 d
£ “c6H5 121.80 d
o-c6h5 114.63 d
0"C6h5 114.25 d
CH-CH3 72.52 d
CH20 67.07 t
CHgO 65.24 t
3 6 0 . 9 6  d
4 5 6 . 6 5  d
OCH3 5 2 . 3 4  q
CH2N 4 3 . 1 1  t
CH-CH3 1 7 . 0 5  q
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H (P.P.M) J (Hz) Multiplicity
NH 7.93 8.87 d
®”c6h5 7.26 7.71,8.11 d,d
P-C6H5 6.98 7.68 t
°”C6H5 6.87 8.15 d
3 5.52 5.22,8.86 d,d
CHCH 5.10 6.25,8.70 d,q
CH20 4.50 s
CH2N 4.12 18.09 d
4 4.03 5.19,8.72 d,d
CH2N 3.90 18.01 d
C02CH3 3.63 - s
CHCH3 1.15 6.22 d
OTBDMS
cNH
0
%
0
(24-9)
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c i s - 3 - A c e t a m i d o - 4 - [ l - ( t ^ - b u t y l d i m e t h y l s i l o x y ) e t h y l ] - l -
[ ( f u r a n - 2 - y l ) m e t h y l ] - 2 - a z e t i d i n o n e  ( 2 4 9 ) .
%
T o  a d r y  r o u n d  b o t t o m  f l a s k  w i t h  s i d e  a r m ,  u n d e r  
n i t r o g e n ,  w a s  a d d e d  M e O H  ( 0 . 9 1 6 m l ) .  T h e  f l a s k  w a s  t h e n  
c o o l e d  t o  0 ° C  a n d  a c e t y l  c h l o r i d e  ( 1 4 4 m g ,  1 3 0 p l ,
1 . 8 3 2 m m o l )  w a s  a d d e d  d r o p w i s e .
A f t e r  s t i r r i n g  f o r  5 m i n  t h e  i c e - b a t h  w a s  r e m o v e d  
a n d  P - l a c t a m  ( 2 4 0 )  ( 1 9 9 . 2 m g ,  0 . 4 5 6 2 m m o l )  i n  M e O H  ( 1 m l )  
w a s  a d d e d  d r o p w i s e .  A f t e r  s t i r r i n g  f o r  5 m i n  a t  r o o m  
t e m p e r a t u r e  t h e  s o l u t i o n  w a s  p u r g e d  f o r  2 0  m i n  w i t h  
n i t r o g e n .  C o n c e n t r a t i o n  i n  v a c u o  y i e l d e d  a y e l l o w ,
v i s c o u s  o i l ,  s m e l l i n g  s t r o n g l y  o f  e t h y l  a c e t o a c e t a t e .  
W a s h i n g  w i t h  p e n t a n e  g a v e  t h e  c r u d e  s i l y l  
e t h e r / h y d r o c h l o r i d e  s a l t  ( 2 5 0 )  a s  a w h i t e  s o l i d .
T h i s  m a t e r i a l  w a s  s t i r r e d  o v e r n i g h t  i n  a s o l u t i o n  
c o n s i s t i n g  o f  a c e t i c  a n h y d r i d e  ( 1 5 . 0 m l ) ,  t r i e t h y l a m i n e  
( 0 . 2 0 m l ,  1 . 4 4 m m o l )  a n d  D M A P  ( 1 2 m g ,  O . l m m o l ) .
T h e  m i x t u r e  w a s  c o n c e n t r a t e d  i n  v a c u o  a n d  e t h y l  
a c e t a t e  ( 2 5 m l )  a d d e d .  F i l t r a t i o n  a n d  s o l v e n t  r e m o v a l
t h e n  g a v e  t h e  c r u d e  p r o d u c t .
P u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  g a v e  s i l y l  e t h e r
( 2 4 9 )  ( 1 4 9 . O m g ,  0 . 4 0 6 5 m m o l ,  8 9 % )  as  a  v i s c o u s  c l e a r  o i l .
20
[ a ] ^  + 1 2 . 1 °  (c 1 . 82 ,  C H 3 O H )
v m a x  ( C H C I 3 ) 3 4 2 0  c m - 1 , 1 7 6 0  c m ' 1 , 1 685  c m " 1 ,
1 5 0 5  c m " 1 .
F o u n d :  M  + , 3 6 6 . 1 9 7 9 .  C 1 8 H 3 0 N 2 O 4 S i  r e q u i r e s
3 6 6 . 1 9 7 4 8 .
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C (P,P,M) Multiplicity
NCO 170.07 s
2 167.76 s
Furan-2-C 148.73 s
Furan-5-C 142.63 d
Furan-3-C 110.41 d
Furan-4-C 108.43 d
CHCH3 68.09 d
3 62.10 d
4 56.58 d
CH2N 38.68 t
C(CH3)3 25.84 q
CHCH 23.03 q
C0CH3 21.68 q
C(CH3)3 17.90 s
-3.33 q
SiCH
-4.40 q
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H (P.P.M) j (Hz) Multiplicity
Furan-5-H 7.36 0.76,1.85 d,d
NH 6.56 9.20 d
Furan-4-H 6.32 1.87,3.22 d,d
Furan-3-H 6.22 0.69,3.22 d,d
3 5.31 9.19,5.19 d,d
4.81 15.90 d
CH2N
SiCH3
4.17 15.66 d
CH-CH3 3.95 6.50,5.03 d,q
4 3.58 5.08,5.06 d,d
C0CH3 1.99 - s
CH-CH3 1.18 6.68 d
C(CH3)3 0.92 - s
0.13 
0.12
0NhJ f h
OTBDMS
OPh
0
0
-J
(251)
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c i s - l - [ ( F u r a n - 2 - y l ) m e t h y l ] - 3 - [ ( p h e n o x y ) a c e t a m i d o ] - 4 -
[ l - ( L - b u t y l d i m e t h y l s i l o x y ) e t h y l ] - 2 - a z e t i d i n o n e  ( 2 5  1 )
( A )  F r o m  S i l y l  e t h e r  ( 2 4 0 ) .
^ - L a c t a m  ( 2 4 0 )  ( 2 0 0 . l m g ,  0 . 4 5 8 3  m m o l )  i n  m e t h a n o l  
( 1 . 0 m l )  w a s  t r e a t e d  w i t h  m e t h a n o l i c  HC1 [ f r o m  0 . 9 1 6 m l  
m e t h a n o l  a n d  a c e t y l  c h l o r i d e  ( 1 3 0 [ i l ,  1 . 8 3 2 m m o l ) ] ,  a s
d e s c r i b e d  i n  t h e  p r e p a r a t i o n  o f  p - l a c t a m  ( 2 4 9 ) .  T h e  
r e s u l t i n g  h y d r o c h l o r i d e  s a l t  ( 2 5 0 )  w a s  d i s s o l v e d  i n  
C H 2 C I 2 ( 2 0 m l )  a n d  p h e n o x y  a c e t y l  c h l o r i d e  ( 1 1 7 m g ,  7 6 | i l ,
0 . 6 8 7 m m o l )  t r i e t h y l a m i n e  ( 1 9 2 | i l ,  1 . 3 7 5 m m o l )  a n d  D M A P
( 1 2 m g ,  O . l m m o l ,  i n  2 . 0 m l  C H 2 C I 2 ) w e r e  a d d e d  t o  t h e  
s o l u t i o n .
A f t e r  s t i r r i n g  f o r  2 h t h e  s o l v e n t  w a s  r e m o v e d  in  
v a c u o . E t h y l  a c e t a t e  ( 2 5 . 0 m l )  w a s  a d d e d  a n d  t h e
C o n c e n t r a t i o n  o f  
P u r i f i c a t i o n  b y
m i x t u r e  w a s  f i l t e r e d  t h r o u g h  C e l i t e .  
t h e  f i l t r a t e  g a v e  t h e  c r u d e  p r o d u c t ,  
c h r o m a t o g r a p h y  g a v e  B - l a c t a m  ( 2 5 1 )  ( 1 7 3 .  O m g ,  0 . 3 7 7 2  
m m o l ,  8 2 % ) ,  as  a c l e a r  v i s c o u s  o i l .
[a]
20
D - 1 3 . 8 °  ( c  0 . 5 6 ,  M e O H ) .
( B )  F r o m  A l c o h o l  ( 2 7 5 )
T o  a s o l u t i o n  o f  t h e  a l c o h o l  ( 1 5 0 . 3 m g ,  0 . 4 3 6 7  
m m o l )  i n  C H 2 C1 2 ( 6 . 5 0 m l )  w a s  a d d e d  2 , 6 - l u t i d i n e  ( 9 4 m g ,  
102|Xl,  0 . 8 7 m m o l )  a n d  T B D M S  t r i f l a t e  ( 1 7 2 m g ,  0 . 6 5 m m o l )  in 
C H 2 C12 ( 1 . 7 2 m l )  w i t h  s t i r r i n g ,  a t  r o o m  t e m p e r a t u r e .  
S t i r r i n g  w a s  c o n t i n u e d  f o r  a f u r t h e r  3 0  m i n  w h e r e u p o n  
t h e  r e a c t i o n  w a s  p o u r e d  i n t o  e t h e r  ( 2 0 m l )  a n d  w a s h e d
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s e q u e n t i a l l y  w i t h  w a t e r  ( 1 5 m l ) ,  s a t u r a t e d  a q u e o u s  C u S O ^  
s o l u t i o n  ( 1 5 m l )  a n d  b r i n e  ( 1 5 m l ) .  D r y i n g ,
c o n c e n t r a t i o n  a n d  p u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  g a v e  
s i l y l  e t h e r  ( 2 5 1 )  ( 1 7 8 . 4 m g ,  0 . 3 8 9 1  m m o l ,  8 9 % ) ,  a s  a
c l e a r  o i l .
2 0  «  |  i  1
[ a ] D - 1 3 . 9 °  1 7 6 0  c m ' 1 , 1 6 9 0  c m ' 1 , 1 6 0 0  c m ' 1
F o u n d :  M  + , 4 5 8 . 2 2 3 0 .  C 2 4 H u 4 N 2 0 ^ S i  r e q u i r e s
4 5 8 . 2 2 3 6 9 .
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C
NHCO
2
Q-C(Ar) 
Furan-2-C 
Furan-5-C
* - C6H5
£ - C6H5
— -C6H5 
Furan-3-C
Furan-4-C
CHOSi
CH2°
3
4
C <CH3>3
CHCHg
C <CH3>3
Si<CH3>2
(P.P.M)
168.72 
166,65 
156.87 
148.73 
142.61 
129.80 
122.37 
114.69 
110.39 
108.46 
68.16 
67.20 
61,89 
56.06 
38.72 
25.83 
21.64 
17.87 
-3.53 
-4.58
Multiplicity
s
s
s
s
d
d
d
d
d
d
d
t
d
d
t
q
q
s
q
q
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H (P.P.M) J (Hz) Mutiplicity
Furan-5-H 7 . 3 7  0 . 8 2 , 1 . 8 7  d,d
m-CgHg 7 . 3 0  7 . 6 4 , 7 . 5 8  d,d
NH 7 . 1 6  9 . 0 0  d
P~C H 7 . 0 3  7 . 6 0  t— 6 5
o - C H  6.90 7.62 d— 6 5
Furan-4-H 6.32 1.85,3.00 d,d
Furan-3-H 6,23 3.00,0.90 d,d
3 5,31 5.14,9.01 d,d
CH2N 4.83 15.78 d
CH 0 4.52 - s
A
CH N 4.18 15.74 dz
CH-CH 3.81 6.20,6.00 mo
4 3.60 5.21,5.85 d,d
-CH-CH 1.09 6.29 do
-C(CH3)3 0.89 - s
Si(CHg)
0.06
0.05
H H 
P h O C H 2 O C N H < =
0
OTBDMS
"I
(253)
C O  2 C H 2
c i s - 4 -  [ l - ( L - B u t y l d i m e t h y l s i l o x y ) e t h y l ] - 2 - o x o - 3 -
(p h e n o x y a c e t a m i d o ]-1-az et idine acetic acid methyl ester
(253)
p - L a c t a m  ( 2 5 1 )  ( 7 8 . 0 m g ,  0 . 1 7 0 1 m m o l )  w a s  o x i d i s e d
u s i n g  r u t h e n i u m  d i o x i d e  ( l m g ,  0 . 0 6 m m o l )  a n d  s o d i u m  
p e r i o d a t e  ( 0 . 5 4 g ,  2 . 5 3 m m o l )  i n  w a t e r  ( 2 . 0 m l ) ,  C C 1 4
( 2 . 0 m l )  a n d  M e C N  ( 8 . 8 3 m l )  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  
f o r  t h e  p r e p a r a t i o n  o f  a c i d  ( 2 3 8 ) .
T h e  c r u d e  a c i d  t h u s  p r o d u c e d  w a s  c o n v e r t e d  
d i r e c t l y  i n t o  m e t h y l  e s t e r  ( 2 5 3 )  u s i n g  d i a z o m e t h a n e  as  
d e s c r i b e d  i n  t h e  p r o c e d u r e  f o r  t h e  p r e p a r a t i o n  o f  m e t h y l  
e s t e r  ( 2 3 9 ) .
C h r o m a t o g r a p h y  g a v e  m e t h y l  e s t e r  ( 2 5 3 )  ( 5 7 , 9  mg
0 . 1 2 6 5 m m o l ,  7 4 % ) ,  as  a c l e a r  o i l .
[ a ] j £  + 1 5 . 3 °  (c 2 . 0 2 ,  C H 3 O H )
v m a x  ( C H C I 3 ) 3 4 2 0  c m ' 1 , 1 7 70  c m ' 1 , 1 7 5 0  c m "1
1 675  c m ' 1 , 1 5 2 0  c m ' 1
F o u n d :  M  + , 4 5 0 . 2 2 0 4 .  C 2 2 H 3 4 N 2 ^ 6 S i  r e q u i r e s
4 5 0 . 2 1 8 6 2 .
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C (P.P.M) Multiplicity
C02CH3 168.69 S
NHC0CH2 168.22 s
2 167.20 s
O-C(Ar) 156.84 s
E “c6h5 129.85 d
P"C6H5 122.41 d
£"C6H5 114.61 d
CH-CH3 68.86 d
CH20 67.12 t
3 62.99 d
4 56.36 d
C02 CH3 5 2 . 4 1  q
CH2N 43.16 t
C(CH3)3 25.76 q
CH-CH3 21.26 q
C(CH3)3 17.82 s
-3.70
SiCH3
-4.58 q
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H (P.P.M) J (Hz) Multiplicity
m-C H 7.30 7.40,7.56 d,d—  6 5 ’ ’
NH 7,15 9.00 d
p-C H 7.03 7.34 t— DO
o-C_H 6.91 7.64 d—  6 5
3 5.43 4.99,8.99 d,d
CH 0 4.53 - s
ch2n
SiCH3
4. 40 17.90
3.88 17.86 d
4 3.85 - m
CH-CH 3.75 - mo
CO CH 3.73 - s
a U
CH-CH3 1.03 5.92 d
C(CH3)3 0.85 - s
0.03
0.01
P h O C H 2 O C N H
H
0
(254)
ID
'
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c i s - 4 - [ 1 - ( H y d r o x y ) e t h y l ]- 2 - o x o - 3 - [ p h e n o x y a c e t a m i d o ]-1-
azetidineacetic acid methyl ester (254)
(A)  F r o m  T B D P S  e t h e r  ( 2 70 )
S i l y l  e t h e r  ( 2 7 0 )  ( 4 8 4 . 5 m g ,  0 . 8 4 7 4 m m o l )  i n  T H F
( 3 5 m l )  w a s  c l e a v e d  w i t h  t e t r a b u t y l a m m o n i u m  f l u o r i d e  
( 3 7 3 m g ,  1 . 1 8 6 m m o l )  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e
p e r p a r a t i o n  o f  a l c o h o l  ( 2 3 3 ) .
P u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  g a v e  a l c o h o l  ( 2 5 4 )  
( 2 6 3 . l m g ,  0 . 7 8 2 2 m m o l ,  9 2 % ) ,  as  a c l e a r  v i s c o u s  o i l .
[ a ] p °  + 3 3 . 6 °  (c 0 . 8 7 ,  C H 3 O H ) .
(B)  F r o m  T B D M S  e t h e r  ( 253 )
S i l y l  e t h e r  ( 2 5 3 )  ( 1 8 5 . l m g ,  0 . 4 1 0 8 m m o l )  i n  T H F
( 3 0 m l )  w a s  c l e a v e d  w i t h  t e t r a b u t y l a m m o n i u m  f l u o r i d e  
( 1 8 0 . 8 m g ,  0 . 5 7 4 9 m m o l )  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  
t h e  p r e p a r a t i o n  o f  a l c o h o l  ( 2 3 3 ) .
P u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  g a v e  a l c o h o l  ( 2 5 4 )  
( 1 3 2 . Omg ,  0 . 3 6 5 7 m m o l ,  8 9 % )  as  a c l e a r  v i s c o u s  o i l .
[ a ] ^ °  + 3 0 . 8 °  (c 1 . 41 ,  C H 3 O H)
v m a x  ( C H C I 3 ) 3 6 8 0  c m " 1 , 3 4 0 0  c m " 1 , 1 7 7 0  c m " 1 ,
1 745  c m " 1 , 1 685  c m ' 1 , 1 6 0 0  c m "1
F o u n d :  M  + , 3 3 6 . 1 3 1 9 .  ^  1 6 112 0  ^ 2  ^  6  r e q u i r e s
3 3 6 . 1 3 2 1 4 .
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(P.P.M) Multiplicity
CONH
C02CH3
2
O-C(Ar)
S - C6 H5  
£ - C6H5 
—~C6H5
C«2°
CHCH„
C02CH3
CH2N
CH-CH.
1 7 0 .9 4
1 6 8 . 6 8
1 6 7 .8 7
1 5 7 .0 2
1 2 9 . 6 1
122.01
1 1 4 . 7 1
6 6 . 9 7
6 4 . 9 5
6 3 . 8 8
5 6 . 4 5
5 3 . 1 0
4 3 . 3 6
2 1 . 0 4
H
NH
—_C6H5 
—~C6H5 
—_C6H5
CH2°
ch2n
4
CHCH.
CHCH.
OH
(P.P.M)
8 . 0 8
7 . 2 8
7 . 0 0
6 . 9 2
5 . 5 8
3 . 7 8
4 . 4 1
3 , 8 0
3 . 7 9
3 . 7 8 - 3 . 6 0
1 , 1 8
0.84
J (Hz)
1 0 . 3 4
6 . 0 0 , 8 . 6 4
5 . 8 8
8 . 7 5
5 . 3 0 , 1 0 ,  26
1 8 . 3 6
1 8 . 3 1
5 . 2 8
6.78
Multiplicity
d
d,d
t
d
d,d
m
H H
P h O C  1- L Q C N H
0
(255)
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c i s - 4 - A c e t y l - 2 - o x o - 3 - [ ( p h e n o x y a c e t  ami  d o ) - 1- a z e t i d i n e a c e t i c  
a c i d ,  m e t h y l  e s t e r  ( 2 5 5 ) .
3 , 5 - D i m e t h y l p y r a z o l e  ( 5 4 m g ,  0 . 5 6 m m o l )  i n  C H 2 C I 2 
( 5 m l )  w a s  a d d e d  to  a s u s p e n s i o n  o f  CrC>3 ( 5 6 m g ,  0 . 5 6 m m o l )  
i n  C H 2 C I 2  ( 5 m l )  a n d  t h e  m i x t u r e  w a s  s t i r r e d  a t  r o o m  
t e m p e r a t u r e  u n d e r  n i t r o g e n  f o r  15 m i n .  A l c o h o l  ( 2 5 4 )  
( 6 8 . 5 m g ,  0 . 2 0 3 7 m m o l )  i n  C H 2 C I 2 ( 1 0 m l )  w a s  t h e n  a d d e d  to  
t h e  r e s u l t i n g  s o l u t i o n  a n d  t h e  s t i r r i n g  w a s  c o n t i n u e d  
o v e r n i g h t .  T h e  s o l v e n t  w a s  r e m o v e d  in  v a c u o  a n d  e t h y l  
a c e t a t e  ( 2 5 m l )  w a s  a d d e d .  F i l t r a t i o n ,  c o n c e n t r a t i o n  o f  
t h e  f i l t r a t e  a n d  p u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  g a v e  
m e t h y l  k e t o n e  ( 2 5 5 )  ( 5 6 . 5 m g ,  0 . 1 6 9 1 m m o l ,  8 3 % )  as a c l e a r
o i l .  A  s m a l l  a m o u n t  o f  u n r e a c t e d  a l c o h o l  ( 2 5 4 )  ( 6 . l m g ,
0 . 0 1 8 3  m m o l ,  8 . 9 % )  w a s  a l s o  r e c o v e r e d .
[ a ] ^ °  - 8 . 5 °  (c  1 . 01 ,  C H 3 O H ) .
v m a x  ( C H C I 3 ) 3 4 0 0  c m " 1 , 1 7 8 0  c m " 1 , 1 7 5 0  c m " 1 ,
1 7 2 5  c m " 1 , 1 695  c m " 1 , 1 6 00  c m "1
F o u n d :  M  + , 3 3 4 . 1  1 5 3 .  C 1 6 H 1 8 N 2 ° 6  r e q u i r e s
3 3 4 . 1  1 6 4 9 .
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c (P.P.M) Multiplicity
CO-CH3 204.15 s
2 169.08 s
CONH 168.21 s
C02CH3 164.75 s
O-C(Ar) 156.67 s
”L_C6H5 129.80 d
P"c6H5 122.42 d
o -c6h5 114.61 d
CH20 66.85 t
3 64.38 d
4 58.86 d
CHgO 52.51 q
CH2N 42.10 t
CHgCO 28.24 q
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H
S -C6H5
NH
£ ' C6H5
—~C6H5
3
4
CH2°
CH2N
CH3 °
CHgCO
(P.P.M)
7 . 3 0
7 . 1 6
7 . 0 2
6 . 8 7
5 . 6 7
4 . 9 3
4 , 4 9
4 . 4 8
3 . 8 4
3 , 7 3
2 . 0 7
J (Hz)
7 . 3 5 , 8 . 3 4
8 . 6 7
7 . 3 8
8 . 5 0
5 , 5 6 , 8 . 6 6
5 . 4 6
1 8 . 2 0
1 8 . 2 7
Multiplicity
d, d
d
t
d
d, d
d
s
d
d
s
s
CH H O T B D M S  
CH3< l 1 j > x
0
0
L = y
(258)
15 1
c i s - 4 - [ l - ( | > B u t y l d i m e t h y l s i l o x y ) e t h y l ] - 3 , 3 - d i m e t h y l -
1 - [ ( f u r a n - 2 - y l ) m e t h y l ] - 2 - a z e t i d i n o n e  ( 2 5 8 )
I m i n e  ( 2 3 0 )  ( 4 6 5 . 2 m g ,  1 . 7 3 9 4 m m o l )  i n  T H F  ( 5 m l )  w a s  
r e a c t e d  w i t h  t h e  l i t h i u m  e s t e r  e n o l a t e  p r e p a r e d  b y  
r e a c t i o n  o f  m e t h y l  2 - m e t h y  l p r o p i o n a t e  ( 0 . 1 9 0 g ,  0 . 2 0 1 m l ,
1 . 9  1 3 m m o l ,  1 . 1  e q u i v a l e n t s )  w i t h  L D A  [ f r o m  
d i i s o p r o p y l a m i n e  ( 0 . 2 7 1 m l ,  1 . 9 1 3 m m o l  i n  5 m l  T H F )  a n d  n-
b u t y l l i t h i u m  ( 0 . 8 0 m l  o f  a 2 . 5 M  s o l u t i o n  i n  h e x a m e s ,  
1 . 9 1  m m o l ) ]  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  
p r e p a r a t i o n  o f  p - l a c t a m  ( 2 2 0 ) .  *H N M R  s p e c t r o s c o p y
s h o w e d  t h e  c r u d e  p r o d u c t  to b e  a m i x t u r e  o f  t h e  d e s i r e d  
p - l a c t a m  ( 2 5 6 )  a n d  a l d e h y d e  ( 2 3 1 ) .
C h r o m a t o g r a p h y  g a v e  a l d e h y d e  ( 2 3 1 )  ( 9 5 . 6 5 m g ,
0 . 5 0 7 9 m m o l ,  2 9 % )  a n d  t h e  d e s i r e d  p - l a c t a m  ( 2 5 8 )
( 3 4 1 . 8 m g ,  1 . 0 1 3 m m o l ,  5 8 % )  as  a c l e a r  v i s c o u s  o i l .
C a p i l l a r y  G . C .  s h o w e d  t h a t  t h e  d i a s t e r e o i s o m e r i c  
r a t i o  w a s  1 7 : 1 .
[ a ] ^  - 2 6 . 3 °  (c 2 . 0 3 ,  C H 3 O H )
v m a x  (C H C I3 ) 1 7 6 0 c m -1
F o u n d :  M + , 3 3 7 . 2 0 7 0 .  C j g ^ j N C ^ S i  r e q u i r e s
3 3 7 . 2 0 7 3 2 .
c (P, P.M)
2 175.11
Furan-2-C 149.55
Furan-5-C 142.42
Furan-3-C 110.33
Furan-4-C 108.19
CH_CH3 68.19
4 67.10
3 5 3 . 0 2  s
CH2N 3 7 . 7 1  t
C(Cli3 ) 3 2 5 -77 q
CH3 2 3 . 2 8  q
c h 3 2 1 . 3 6  q
C(CH3)3 17.84 s
1 7 . 3 4  q
- 3 . 3 6  q
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Multiplicity
SiCH3
- 4 , 8 1
H (P.P,M)
Furan-5-H
Furan-4-H
Furan-3-H
CH2N
CHCH,
4
CH3
CH3
CHCH,
C <CH3>3
7.34
6.24
6.19 
4.75 
4.01 
3.92 
2.95 
1.28 
1.22
1.19 
0.84 
0.05
SiCH
153
J (Hz) Multiplicity
0.82,1.85
1.87,3.22
0.84,3.22
15.88
6.00,6.29
15.85
6.02
d, d
d , d
d, d
d
d, q
d
d
6.28
0.04 s
CH 3
%  y
OH
0
0
\= /
(259)
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3 , 3 - D i m e t h y l - 1 -  [ ( f u r a n - 2 - y l ) m e t h y l ] - 4 - [ l -  ( h y d r o x y )  
e t h y l ] - 2 - a z e t i d i n o n e  ( 2 5 9 )
T B D M S  e t h e r  ( 2 5 8 )  ( 1 0 0 . 7 m g ,  0 . 2 9 8 3  m m o l )  i n  T H F  
( 3 0 m l )  w a s  c l e a v e d  w i t h  t e t r a b u t y l a m m o n i u m  f l u o r i d e  
( 1 3 1 m g ,  0 . 4 1 8 m m o l )  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  
p r e p a r a t i o n  o f  a l c o h o l  ( 2 3 3 ) .  P u r i f i c a t i o n  b y
c h r o m a t o g r a p h y  y i e l d e d  a l c o h o l  ( 2 5 9 )  ( 6 4 . 0 m g ,  0 . 2 8 6 6
m m o l ,  9 6 % )  as  a c l e a r ,  v i s c o u s  o i l .
[ a ] D  + 1 2 . 3 °  (c 1 .32 ,  C H 3 O H )
R e a c t i o n  o f  T B D P S  e t h e r  ( 2 7 1  ) ( 3 3 0 . 5 m g ,
0 . 7 1 5 8 m m o l )  w i t h  T B A F  ( 6 4 9 m g ,  2 . 0 0 m m o l )  i n  T H F  ( 6 0 m l )  
u s i n g  a n  i d e n t i c a l  p r o c e d u r e  g a v e  a l c o h o l  ( 2 5 9 )  
( 1 3 5 . Omg,  0 . 6 0 4 4 m m o l ,  8 4 % ) .
[ a ] p  + 1 3 . 2 °  (c 0 . 8 6 ,  C H 3 O H )
v m a x  ( C H C I 3 ) 3 6 0 0 c m " 1, 3 4 5 0 c m " 1 , 1 7 4 5 c m "1
F o u n d :  M + , 2 2 3 . 1 2 0 8 .  C 1 2 H 1 7 N<^ 3  r e q u i r e s
2 2 3 . 1 2 0 8 4
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C
2
Furan-2-C
Furan-5-C
Furan-3-C
Furan-4-C
CH-CHo
4
3
CH2N
CH„
CH.
CH.
(P.P ,M)
175.21
149.38
142.55
110.49
108.43
68.29 
66.58
53.30 
37.97 
23.10 
21.06 
17.15
Multiplicity
H
Furan-5-H
Furan-4-H
Furan-3-H
CH N 
2
CHCH,
4
OH
C <CH3>3
CHCH.
(P.P.M)
7.35
6.31 
6.22 
4.58
4.13
3.91
2.98
1.98
1.32 
1.25 
1.24
J (Hz)
0.84,1.86
1.86,3.23
0.65,3.23
15.83
15.87
6.45,6.85
6.94
Multiplicity
d , d
d , d
d , d
d
d
d , q
d
6.39
/ P h
OCOCH (S)
CH OAc
(2G0)
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c i s - 4 - [  1 - ( < x - A c e t o x y - o c - p h e n y l ) a c e t o x y e t h y l ] - 3 , 3 -  
d i m e t h y l - l - [ ( f u r a n - 2 - y l ) m e t h y l ] - 2 - a z e t i d i n o n e  ( 2 6 0 ) .
A l c o h o l  ( 2 5 9 )  ( 1 1 4 . 5 m g ,  0 . 5 1 2 6 m m o l )  i n  C H 2 C 1 2
( 1 . 5 0 m l )  w a s  r e a c t e d  w i t h  ( S )  - 0_- a c e t y l m a n d e l i c  a c i d  
( 2 3 4 ) ^  ( l O l m g ,  0 . 5 3 m m o l )  in  t h e  p r e s e n c e  o f  D M A P  ( 6 m g ,  
0 . 0 5 m m o l )  a n d  D C C  ( 1 0 4 m g ,  0 . 5 2 m m o l )  i n  C H 2 C12  ( 0 . 4 5 m l )  
u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f
e s t e r  ( 2 4 2 ) .
C h r o m a t o g r a p h y  g a v e  p u r e  B - l a c t a m  ( 2 6 0 )  ( 1 7 9 . 6 m g ,
0 . 4 4 9 6 m m o l ,  8 8 %)  as  a c l e a r  o i l .
20
[ a ] D + 4 2 . 1 °  (c 1 .28 ,  C H 3 O H)
v m a x  ( C H C I 3 ) 1 7 4 5 c m ' 1
F o u n d :  M + , 3 9 9 . 1 6 7 5 .  C 2 2 H 2 5 N ° 6  r e q u i r e s
3 9 9 . 1 6 8 1 9 .
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HOMOCHIRAL
C (P.P.M) Multiplicity
°2CCH3 174.17 s
02CCH 170.41 s
2 167.78 s
Furan-2-C 149.02 s
Furan-5-C 142.65 d
CH-C(Ar) 133.28 d
p-CgHg 129.51 d
o-CgHg 128.91 d
m-C6H5 127.53 d
Furan-3-C 110.39 d
Furan-4-C 108.58 d
CHCH 74.67 dU
CHCOg 69.82 d
4 65.24 d
3 53.69 d
CH N 37.69 t
CHg 23.01 q
CH3 20.60 q
CHg 17.75 q
CH3 16.85 q
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RACEMATE
(P.P.M) Multiplicity
“ 2 174.17 s
174.04 s
oo
170.41 s
170.25 s
2 167.80 s
167.80 s
Furan-2-C 149.02 s
Furan-5-C 142.65 d
CH-C(Ar) 133.28 s
133.23 s
£-C6H5 129.51 d
129.36 d
— -C6H5 128.91 d
128.84 d
— ~C6H5 127.53 d
127.45 d
Furan-3-C 110.39 d
Furan-4-C 108.58 d
c h c h 3 74.67 d
74.63 d
c h -c o2 69.82 d
4 65.35 d
65.24 d
3 53.69 s
53.40 s
c h 2n 37.69 t
37.56 t
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(P.P.M) Multiplicity
23.01 q
2 2 . 6 1  q
CH.
20.64
20.60
17.75
17.28
16.85
16.37
q
q
160
H0M0CHIRAL
H (P.P.M) J (Hz)
C6H5 7.41
Furan-5-H 7.34 0.86,1.85
Furan-4-H 6.29 1.86,3.28
Furan-3-H 6.17 0.78,3.30
CHCO 5.82A
CHCH3 5.10 6.43,6.41
4.64 16.02
CH2N
C<CH3>2
3.86 15.93
3.14 6.47
0 CCH 2.17
A J
CHCH3 1.13 6.40
1.00
Multiplicity
m
d
d,d 
d, d
s
d,q
d
d
d
s
d
s
0.80 s
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RACEMATE
C6H5
Furan-5-H
Furan-4-H
Furan-3-H
CH-CO - 
2
(P.P.M)
7.41
7.34
6.30
6.17
5.82
5.80
J (Hz) Multiplicity
m
m
m
m
CHCH.
c h2n
5.10
5.02
4.64
4.57
3.86 
3.76 
3.14
6.45,6.40
6.46,6.81
16.01
15.83
15.91
15.90
6.46
d,q
d,
d
d
d
d
d
0_CCH_ 
2 3
CHCH.
C(CH3)2
CHCH.
C<CH3>2
3.03
2.17
2.17 
1.30
1.24
1.18 
1.13
1.00
0.80
6.91
6.40
6.40
OTBDPS
( 2 G 3 )
162
N_- [ 2 - ( t . - B u t y l d i p h e n y l s i l o x y ) - l - p r o p y l e n e ] - ( f u r a n - 2 - y l )  
m e t h a n a m i n e  ( 2 6 3 )
A l d e h y d e  ( 2 6 4 )  ( 2 . 3 3 g ,  7 . 4 6 m m o l )  w a s  t r e a t e d  w i t h  
f u r f u r y f a m i n e  ( 0 . 7  2 g ,  7 . 4 6 m m o l )  i n  e t h e r  (5 0 . 0 m l )  i n  t h e
p r e s e n c e  o f  p o t a s s i u m  c a r b o n a t e  ( 2 . 0 0 g )  u s i n g  t h e  
p r o c e d u r e  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  i m i n e  ( 2 1 7 ) .
P u r i f i c a t i o n  b y  d i s t i l l a t i o n  g a v e  i m i n e  ( 2 6 3 )  
( 2 . 6 7 g ,  6 . 8 2 m m o l ,  9 1 % )  a s  a p a l e  g r e e n  o i l ,  b . p .
1 2 4 ° C / 0 . 1 m m  Hg.
20
[ a ] D - 4 . 0 3  (c 1 . 84 ,  C H 2 C12 ) 
v m a x  ( CHC13 ) 1 6 7 0 c m - 1
F o u n d :  M + , 3 9 1 . 1 9 5 9 .  C 2 4 H 2 9 N 0 2 S i  r e q u i r e s
3 9 1 . 1 9 6 7 6 .
cN=CH
Furan-2-C
Furan-5-C
S - C6H5
S i-C (A r )
—-C6H5
F u ra n -3 -C
F uran-4-C
CHCHo
ch2n
C<CH3>3
CHCHg
C <CH3>3
(P.P.M)
1 6 9 ,4 5  
1 5 1 ,9 4  
1 4 2 .0 0  
1 3 5 .7 5  
1 3 5 ,6 8  
1 3 3 .7 7  
1 3 3 .5 7  
1 2 9 ,6 2  
1 2 9 .5 4  
1 2 7 ,6 1  
1 2 7 .5 3  
110,20 
110,11 
1 0 7 .2 5  
7 1 .2 4  
5 6 .3 4  
2 6 .9 4  
2 1 .4 2  
1 9 .1 3
163
Multiplicity
d
s
d
d
d
s
s
d
d
d
d
d
d
d
t
t
q
q
s
164
H (P.P.M) J (Hz) Multiplicity
N=CH
m-C6H5 7.75-7.61 - m
o-C H 7.49-7.29 - m6 o
£ - C6H5 
Furan-5-H
Furan-4-H 6.33 1,89,3,20 d,d
Furan-3-H 6,14 0.80,3.19 d,d
CH2N 4.45 - s
CHCH 4.53-4.30 - m
CHCHg 1.28 6.50 d
C(CH3)3 1.11 - s
O T B D P S
^ C H O
(264)
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2 - ( t _ - B u t y l d i p h e n y l s i l o x y ) p r o p a n a l  ( 2 6 4 )
( S ) - E s t e r  ( 2 6 5 )  ( 6 . 0 0 g ,  1 7 . 5 2 m m o l )  i n  C H 2 C 1 2
( 3 7 . 2 m l )  w a s  r e d u c e d  w i t h  d i i s o b u t y l a l u m i n i u m  h y d r i d e  
( 1 7 . 5 2 m l ,  1 M  s o l u t i o n  i n  C H 2 C 1 2 ) u s i n g  t h e  p r o c e d u r e  
d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  a l d e h y d e  ( 2 3 1 ) .
P u r i f i c a t i o n  b y  e i t h e r  c h r o m a t o g r a p h y  o r  
d i s t i l l a t i o n  g a v e  p u r e  a l d e h y d e  ( 2 6 4 )  ( 4 . 1 0 g ,  1 3 . 2 1 m m o l ,
7 5 % )  as  a c l e a r  o i l ,  b . p .  1 1 8 ° C / 2 0 m m  H g .
[ a ] ^ °  - 1 6 . 8 °  (c  1 . 05 ,  C H 2 C12 )
v max  <CHC13 ) 1 735 .
F o u n d :  M - C 4 H 9 , 2 5 5 . 0 8 4 5 .  C j  9 H 2 4 0 2 S i - C 4 H 9
r e q u i r e s  2 5 5 . 0 8 4 1 3
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(P,P,M) Multiplicity
CR0 203,79 d
-'C6H5 135.69 d
135.67 d
Si-C(Ar) 133.23 s
132.88 s
P-CgHg 130.01 d
129.94 d
°-c6H5 127.81 d
127.73 d
CHCH3 74.38 d
-C(CH3)3 26.83 q
C (CH3> 3 19.18
CHCH3 18.35
H (P.P.M) J (Hz) Multiplicity
CHO 9.65 1.20 d
m
m
m - C H  7.77-7.62— 6 5
o - C H  7.52-7.32— 6 5
— 6 5
CHCH3 4.11 1.18,6,87 d,q
CHCH 1.23 6.87 dJ
C(CH3) 1.12 - s
O T B D P S
^ co2c h 3
( 2 G 5 )
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( S ) - 2 - ( t _ - B u t y l d i p h e n y l s i l o x y ) p r o p a n o i c  a c i d  m e t h y l  
e s t e r  ( 2 6 5 ) 73
( S ) - M e t h y l  l a c t a t e  ( 3 . 0 0 g ,  2 . 7 5 m l ,  2 8 . 8 m m o l )  i n
T H F  ( 1 2 m l )  w a s  r e a c t e d  w i t h  L - b u t y l d i p h e n y l s i l y l  
c h l o r i d e  ( 1 0 . 2 9 g ,  9 . 7 4 m l ,  3 7 . 5 m m o l )  i n  t h e  p r e s e n c e  o f
t r i e t h y l  a m i n e  ( 1 0 . 0 2 m l ,  7 2 m m o l )  a n d  D M  A P  ( 0 . 3 5 g ,  
2 . 8 m m o l )  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  
p r e p a r a t i o n  o f  t _ - b u t y l d i m e t h y l s i l y l  e t h e r  ( 2 7 4 ) .  
P u r i f i c a t i o n  b y  d i s t i l l a t i o n  o r  c h r o m a t o g r a p h y  g a v e  
s i l y l  e t h e r  ( 2 6 5 )  ( 9 . 3 2 g ,  2 7 . 2 m m o l ,  9 5 % )  as  a c l e a r  o i l ,
b . p .  1 2 2 ° C / 0 . 5 m m  Hg.
[ a ] ^ °  - 5 0 . 9 °  (c 1 . 29 ,  E t O H )
[ l i t . 7 3  [ a ] p  - 5 1 . 8 °  ( c  0 . 7 8 ,  E t O H ) ]
v m a x  ( C H C 1 3 ) 1 7 5 0  c m " 1 .
F o u n d :  M - C 4 H 9 , 2 8 5 . 0 9 4 0 .  C 2 o H 2 6 0 3 S i _ C 4 H 9 r e 9 u i r e s
2 8 5 . 0 9 4 7 0 .
cC02CH3 
—_C6H5
— ""C6H5 
Si-C(Ar)
Si-C(Ar)
— ~C6H5 
—~C6H5
—~C6H5
c h c h 3
C02CH3
CHCH3
C«*3> 3
C(CH3>3
(P.P.M)
174.09 
135.81
135.65
133.43
133.10 
129.72 
127.60
127.51 
66.83 
51.50 
26.42 
2 0 . 2 1  
19.17
H (P.P.M) J (Hz)
m - C H  7.75-7.70— 6 5
o-C H 7.45-7.39— 6 5
£ - C6H5
CHCH 4.34 6.74o
C02CH3 3.58
CHCH 1.42 6.73o
C(CH3)3 1*15
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Multiplicity
s
d
d
s
s
d
d
d
d
q
q
q
s
Multiplicity
m
m
q
s
d
s
H 'd 
P h C M
0
OTBDPS
0
\= j
(266)
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c i s - 4 - [ l - ( t _ - B u t y l d i p h e n y l s i l o x y ) e t h y l ] - l - [ ( f u r a n - 2 - y l )  
m e t h y l ] - 3 - p h e n o x y - 2 - a z e t i d i n o n e  ( 2 6 6 ) .
I m i n e  ( 2 5 9 )  ( 2 5 0 . l m g ,  0 . 6 3 8 4  m m o l )  i n  C H 2 C 1 2
( 0 . 8 m l )  w a s  t r e a t e d  w i t h  p h e n o x y  a c e t i c  a c i d  ( 9 0 m g ,  
0 . 6 4 m m o l ,  i n  0 . 8 m l  C H 2 C 1 2 ) i n  t h e  p r e s e n c e  o f
t r  i e t h y 1 a m  i n e ( 0 . 2 7 m l ,  1 . 9 2 m m o l )  a n d  p h e n y l
d i c h l o r o p h o s p h a t e  ( 0 . 0 9 2 m l ,  0 . 6 4 m m o l )  u s i n g  t h e
p r o c e d u r e  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  ( 3 - l a c t a m
( 2 1 3 ) .
P u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  g a v e  [ 3 - l a c t a m  ( 2 6 6 )
( 2 8 2 . 6 m g ,  0 . 5 3 7 5 m m o l ,  8 4 % ) ,  a s  a c l e a r  v i s c o u s  o i l .
P a c k e d  c o l u m n  G . C .  i n d i c a t e d  t h a t  l a c t a m  ( 2 6 6 )  w a s
1 3p r e s e n t  a s  o n e  d i a s t e r e o i s o m e r  o n l y .  N M R
s p e c t r o s c o p y  h o w e v e r ,  s u g g e s t e d  t h a t  a t r a c e  o f  t h e  
o t h e r  d i a s t e r e o i s o m e r  ( l e s s  t h a n  5 % )  w a s  p r e s e n t .
[ a ] ^  - 1 6 . 4  (c 0 . 8 9 ,  C H 3 O H ) .
v m ax (C H C I3 ) 1 7 6 0 c m '1
F o u n d :  4 6 8 . 1 6 2 8 .  C ' 3 2 ^ 3 5 ^ ^ 4 * ^ " ^ ' 4 ^ 9
r e q u i r e s  4 6 8 . 1 6 3 1 1 .
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^ (P.P.M) Multiplicity
2 166,71 s
O-C(Ar) 157.69 s
Furan-2-C 148.95 s
Furan-5-C 142.58 d
m - C ^ - S i -  135.81 d
m-C6H5-Si- 135.69 d
-Si-C(Ar) 134.47 s
-Si-C(Ar) 133,34 s
P-C6H5-Si 129.73 d
129.62 d
m-C H -0 129.41 d— 6 5
o-C H -Si 127,67 d— 6 5
127.49 d
£-C6H5-0 122.11 d
o-C H -0 115.87 d— 6 5
Furan-3-C 110.38 d
Furan-4-C 108.57 d
3 80.17 d
CHCH3 69.39 d
4 62.20 d
CH N 38.40 tz
C(CH3)3 26.98 q
CHCH3 20.97 q
C(CH3)3 19.17 s
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H
m-C H -Si— 6 5
o - C6H5- Si
E- C6H5- S i
m-C H -0— 6 5
Furan-5-H
^ - C6H5 - °
£ - C6H5 - °
Furan-4-H
Furan-3-H
3
c k 2n
CHCHo
c h 2n
4
C<CH3>3
CHCHo
(P,P,M) J (Hz) Multiplicity
7.79-7.60 - m
7.51-7.15 - m
7.05-6,90 - m
6,35 1.86,3,21 d,d
6,25 0.61,3.26 d,d
5,15 5.11 d
4.85 15.52 d
4.40 - m
4.39 15.60 d
3,80 5.12,6.09 d,d
1,08 - s
1.05 6.30 d
XCUE+
NH
2 h  h o t b d p s
0
' 0
\ = j
(267)
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c_is_- 4 - [ l - ( | _ - B u t y l d i p h e n y l s i l o x y ) e t h y l ] - l - [ ( f u r a n - 2 - y l )
m e t h y l ] - 3 - [ ( a - m e t h y l - P - e t h o x y c a r b o n y l ) v i n y l a m i n o ] - 2 -
a z e t i d i n o n e  ( 2 6 7 ) .
I m i n e  ( 2 6 3 )  ( 2 5 0 . 8 m g ,  0 . 6 4 0 5 m m o l )  i n  C H 2 C 1 2
( 1 . 8 m l )  w a s  r e a c t e d  w i t h  f r e s h l y  p r e p a r e d  D a n e  s a l t
( 2 1 4 ) ^ ®  ( 0 . 1 4 4 g ,  0 . 6 4 m m o l ,  i n  1 . 8 m l  C H 2 C I 2 ) i n  t h e
p r e s e n c e  o f  t r i e t h y l a m i n e  ( 0 . 2 7 m l ,  1 . 9 2 m m o l )  a n d  p h e n y l
d i c h i  o r o p  h o s p  h a t e ( 0 . 0 9 2 m l ,  0 . 6 4 m m o l )  u s i n g  t h e
p r o c e d u r e  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  p - l a c t a m  
( 2 1 9 ) .
P u r i f i c a t i o n  o f  t h e  c r u d e  p r o d u c t  b y  
c h r o m a t o g r a p h y  y i e l d e d  l a c t a m  ( 2 6 7 )  ( 3 0 3 . 8 m g ,
0 . 5 4 2 2 m m o l ,  8 5 % )  a s  a c l e a r  v i s c o u s  o i l .  P a c k e d
c o l u m n  G . C .  i n d i c a t e d  t h a t  c o m p o u n d  ( 2 6 7 )  w a s  p r e s e n t  as
1 1-a
o n e  d i a s t e r e o i s o m e r  o n l y .  H a n d  C N M R  s p e c t r o s c o p y
b o t h  a g r e e d  w i t h  t h i s .
20
[ a ] p  + 1 8 . 6 °  (c 1 . 32 ,  C H 3 O H )
v m a x  ( c h c 13 ) 3 2 6 0 c m " 1 , 1 7 6 0 c m " 1 , 1 6 5 0 c m " 1 
1 6 1 5 c m " 1
F o u n d :  M  + , 5 6 0 . 2 7 0 2 .  C 3 2 H 4 Q N 2 0 5 S i  r e q u i r e s
5 6 0 . 2 7 0 2
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(P,P,M) Multiplicity
C02CH2 169.83 s
2 167.00 s
NH-C=C 159.01 s
Furan-2-C 148.79 s
Furan-5-C 142.53 d
—-C6«5 135,75 d
S - C6H5 135.54 d
Si-C(Ar) 134,15 s
Si-C(Ar) 133.34 s
—*~C6 H5 129.77 d
—-C6H5 129.69 d
£ - C6H5 127.76 d
£ - C6H5 127.54 d
Furan-3-C 110.417 d
Furan-4-C 108.627 d
NHC=CH 86.08 d
c h c h 3 70.17 d
3 62.21 d
4 60,83 d
C02CH2
58.54 t
C“ 2n 38.28 t
C< ® 3 >3
26.99 q
CH3
19.51 q
C‘CH3 ) 3
19,23 s
CH3
19.17 q
o CO
14,48 q
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H (P,P,M) J (Hz) Multiplicity
NH 8,98 9.93 d
m-C6H5 7.73-7,65 - m
—-C6H5
£-CgH5 7 . 4 5 - 7 . 2 5  -  m
F uran-5-H
Furan-4-H 6,28 1.90,3.21 d,d
Furan-3-H 6.28 0.80,3,20 d,d
3 4,79 5.07,9.95 d,d
CH2N 4.62 15.57 d
C=CH 4.55 - s
CH N 4.23 15.53 d
CHCH 4.15 6.37,7.12 d,qo
CO CH 4.06 7.17 qA
4 3.64 5.07,7,12 d,d
C(CH )=C 1.88 - s
w
CH CH 1.21 7,12 t
a o
C(CH3)3 1.05 - s
CHCH 0.91 6.34 d
H H 
P h O C H 2 O C N H ^
0
OTBDPS
[ = /
0
( 2 G 8 )
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cjjs_- 4 - [ l - ( t _ - B u t y l d i p h e n y l s i l o x y ) e t h y l ] - l - [ ( f u r a n - 2 - y l )  
m e t h y l ] - 3 - p h e n o x y a c e t a m i d o - 2 - a z e t i d i n o n e  ( 2 6 8 ) .
L a c t a m  ( 2 6 7 )  ( 2 6 2 . l m g ,  0 . 4 6 7 3 m m o l )  i n  M e O H  ( 1 . 0 m l )  
w a s  t r e a t e d  w i t h  m e t h a n o l i c  HC1 [ f r o m  m e t h a n o l  0 . 9 3 m l  
a n d  a c e t y l  c h l o r i d e  ( 1 3 2 p l ,  1 . 8 6 8 m m o l ) ]  as  d e s c r i b e d  i n
t h e  p r e p a r a t i o n  o f  f 3 - l a c t a m  ( 2 4 9 ) .  T h e  r e s u l t i n g
h y d r o c h l o r i d e  s a l t  w a s  d i s s o l v e d  i n  C H 2 C I 2 ( 2 0 m l )  a n d  
p h  e n o x y a c e t y 1 c h l o r i d e  ( 8 8 m g ,  5 6 p l ,  0 . 5 1 m m o l )
t r i e t h y l a m i n e  ( 1 9 5 | l l ,  1 . 4 0 2 m m o l )  a n d  D M A P  ( 7 m g ,  0 . 0 4 m m o l  
i n  2 . 0 m l  C H 2 C I 2 ) w e r e  a d d e d .  A f t e r  s t i r r i n g  f o r  2 h 
t h e  s o l v e n t  w a s  r e m o v e d  i n  v a c u o . E t h y l  a c e t a t e
( 2 5 . 0 m l )  w a s  a d d e d  a n d  t h e  r e s u l t i n g  s l u r r y  w a s  f i l t e r e d  
t h r o u g h  C e l i t e .  C o n c e n t r a t i o n  o f  t h e  f i l t r a t e  f o l l o w e d  
b y  p u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  g a v e  B - l a c t a m  ( 2 6 8 )  
( 2 6 2 . 3 m g ,  0 . 4 5 0 1 m m o l ,  9 6 % )  as  a c l e a r  o i l .
[ a ] j ^ °  - 2 3 . 6 °  (c 0 . 5 8 ,  C H 3 O H )
v m a x  ( C H C I 3 ) 3 4 2 0  c m"* ,  1 7 6 0 c m ' 1 , 1 6 9 0 c m ' 1 ,
1 6 0 0 c m ' 1 .
F o u n d :  M + , 5 8 2 . 2 5 5 5 .  C 3 4 H 3 g N 2 0 5 S i  r e q u i r e s
5 8 2 . 2 5 4 9 9 .
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^ (P.P.M) Multiplicity
NCO 168,53 s
2 166.63 s
O-C(Ar) 156.76 s
Furan-2-C 148.64 s
Furan-5-C 142.69 d
m-Si-C6H5 135.82 d
135.50 d
Si-C-(Ar) 133,99 s
133.33 s
130.44 d
p-SiC H 129.90 db o
m-O-C H 129.63 d
—  6 5
o-Si-C^H. 127.88 d
—  6 5
127.63 d
p-O-C H 122.18 d
—  6 5
o-O-C H 114.68 d
—  6 5
Furan-3-C 110.41 d
Furan-4-C 108.55 d
CH-CH3 68.46 d
CH 0 66.95 t
2
3 61.67 d
4 56.30 d
CH2N 38.73 t
C(CH3)3 27.09 q
CHCH 21,77 q
C(CH3)3 19.10 s
177
H
NH
m-Si-C H 
~  6 5
o - s i - C 6 H 5
£ - s l - c 6 H5
m-O-C.H. 
—  6 5
Furan-5-H
o - ° - C 6 H 5
£ - ° - c6H5
Furan-4-H
Furan-3-H
3
CH2°
CH2N
CH O 
2
c h -c h 3
4
' ^ 3
CH-CHo
(P,P,M) J (Hz) Multiplicity
7.84 8.90 d
7.69-7.58 - m
7.48-7,10 - m
7.01 7.38 d
6,93 6.82 t
6,32 1.88,3.20 d,d
6.20 3.10 d
5.34 5,31,8.88 d,d
4.85 15.68 d
4.38 14.99 d
4.24 14.91 d
4,18 15.74 d
4.02 6.53,4.48 d,q
3.68 4.55,5.24 d,d
1.05 - s
1.00 6.53 d
H H 
PhO C H JD C N H ^
OTBDPS
0
N
( 2 7 0 )
co 2ch2
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cj_s_- 4 - [ l - ( t _ - B u t y l d i p h e n y l s i l o x y ) e t h y l ] - 2 - o x o - 3 -  
p h e n o x y  a c e  t a m i d o - 1 - a z e  t i d i n e a c e  t i c  a c i d  m e t h y l  
e s t e r  ( 2 7 0 )
P - L a c t a m  ( 2 6 8 )  ( 7 2 0 . l m g ,  1 . 2 3 6  m m o l )  w a s  o x i d i s e d  
u s i n g  r u t h e n i u m  d i o x i d e  ( 6 m g ,  0 . 3 4 m m o l )  a n d  s o d i u m
p e r i o d a t e  ( 3 . 9 8 g ,  1 8 . 4 3 m m o l )  i n  w a t e r  ( 1 5 . 2 5 m l ) ,  C C 1 4
( 1 5 . 2 5 m l )  a n d  M e C N  ( 2 2 . 4 8 m l )  u s i n g  t h e  p r o c e d u r e  
d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  o f  a c i d  ( 2 3 8 ) .  T h e  c r u d e
a c i d  t h u s  p r o d u c e d  w a s  c o n v e r t e d  d i r e c t l y  i n t o  m e t h y l
e s t e r  ( 2 6 6 )  u s i n g  d i a z o m e  t h a n e , a s  d e s c r i b e d  i n  t h e  
p r o c e d u r e  f o r  t h e  p r e p a r a t i o n  o f  P - l a c t a m  ( 2 4 8 ) .
C h r o m a t o g r a p h y  g a v e  e s t e r  ( 2 7 0 )  ( 5 7 8 . 9 m g ,
1 . 0 1 2 5 m m o l ,  8 2 % )  as  an  o i l .
20
[ a ] D + 2 1 . 3 °  (c 1 .62 ,  C H 3 O H )
v m a x  ( C H C 13 > 3 4 2 0  c m - 1 , 1 7 7 0 c m " 1 , 1 7 5 0 c m ' 1 
1 6 4 0 c m " 1 , 1 6 0 0 c m ' 1
F o u n d :  M  + , 5 7 4 . 2 4 8 8 .  c 3 2 H 3 8 N 2 ° 6 S i  r e q u i r e s
5 7 4 . 2 4 9 9 2 .
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(P.P.M) Multiplicity
2 168.56 s
NHCO 168.29 s
C02CH3 167.23 s
O-C-(Ar) 156,73 s
m-Si-CgHg 135,78 d
135.43 d
-Si-C-(Ar) 133.90 s
133.23 s
m-0-C6H5 129,94 d
o-Si-C6H5 129.67 d
p-Si-C6H5 127.90 d
127.65 d
^-°-C6H5 122.25 d
^-°“C6H5 114.62 d
CHCH„
2 69.46 d
CH 0 
2
66.98 t
3 62.96 d
4 56,55 d
C02CH3 52.43 q
c h 2n 43.23 t
C(CH3)3
27.00 q
CHCH3 21,46 q
C <CH3>3
19.05 s
180
^ (P,P,M) J (Hz) Multiplicity
Furan-5-H 7,63 1.56,3.05 d,d
m-Si-C6H5 7,65-7.55 - m
o-Si-C H
—  6 5
jD-Si-CgHg 7.48-7,15 - m
m-O-C H_
—  6 5
o -0-C6H5 7,06 8.73 d
p-O^CgHg 6,97 7,41 t
Furan-4-H 6,75 2.10,3.05 d,d
Furan-3-H 6.21 1.50,2.12 d,d
3 5.45 4.83,8.95 d,d
NH 5.45 8.96 d
CH2N 4,44 18.04 d
4.40 15.19 d
CH 0 
2
4.28 15.18
CHCH 4.08-3.95 - mo
4,00 2.71,4,86 d,d
CH N 3,89 18.06 dA
C(CH3)3 1,01 - s
CHCH3 0.92 6.07 d
CH H 
C H . .  = 3 -
OTBDPS
0
0
- j
(271)
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cjjL- 4 - [ l - ( t _ - B u t y i c| i p h e n y l s i l o x y ) e t h y l ] - 3 , 3 - d i m e t h y l - l -  
[ ( f u r a n - 2 - y l ) m e t h y l ] - 2 - a z e t i d i n o n e  ( 2 7 1 )
I m i n e  ( 2 6 3 )  ( 4 1 5 . l m g ,  1 . 0 6 0 0 m m o l )  i n  T H F  ( 5 m l )  w a s  
r e a c t e d  w i t h  t h e  l i t h i u m  e s t e r  e n o l a t e  p r e p a r e d  b y  
r e a c t i o n  o f  m e t h y l  2 - m e t h y  l p r o p i o n a t e  ( 1 2 0 | i l ,  1 . 1 7 m m o l )
w i t h  L D A  [ f r o m  d i i s o p r o p y l a m i n e  ( 1 6 3 p l ,  1 . 1 7 m m o l  i n  5 m l  
T H F )  a n d  n - b u t y l l i t h i u m  ( 0 . 4 7 m l  o f  a 2 . 5 M  s o l u t i o n  i n  
h e x a n e s ,  1 . 1 7 m m o l ) ]  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  
t h e  p r e p a r a t i o n  o f  p - l a c t a m  ( 2 2 0 ) .  N M R  s p e c t r o s c o p y
s h o w e d  t h e  c r u d e  p r o d u c t  t o  be  a m i x t u r e  o f  t h e  d e s i r e d  
P - l a c t a m  ( 2 7 1 )  a n d  a l d e h y d e  ( 2 6 0 ) .  C h r o m a t o g r a p h y
g a v e  p u r e  a l d e h y d e  ( 2 6 4 )  ( 1 0 5 .  Omg,  0 . 3 3 6 0 m m o l ,  3 2 % )  and  
t h e  d e s i r e d  B - l a c t a m  ( 2 7 1 )  ( 3 0 9 . 2 m g ,  0 . 6 6 9 7 m m o l ,  6 3 % ) ,
t h e  l a t t e r  a s  a c l e a r ,  v i s c o u s  o i l .
P a c k e d  c o l u m n  G . C .  i n d i c a t e d  t h a t  a z e t i d i n o n e  
( 2 7 1 )  w a s  p r e s e n t  as  o n e  d i a s t e r e o i s o m e r  o n l y .  *H a n d  
N M R  s p e c t r o s c o p y  a g r e e d  w i t h  t h i s .
[ a ] p  - 3 2 . 9  (c 0 . 6 3 ,  C H 3 O H )
v m a x  <C H C 13> 1 7 4 0  c n r l
F o u n d :  M  + , 4 6 1 . 2 3 5 0 .  C 2 g H 3 5 N 0 3 S i  r e q u i r e s
4 6 1 . 2 3 8 6 2
182
c (P.P.M) Multiplicity
2 174,58 s
Furan-2-C 149,17 s
Furan-5-C 142,33 d
H -c6h5 135.80 d
135,75 d
Si-C(Ar) 133.88 s
133.06 s
P-CgH5 129.80 d
129.62 d
o-C H 127.65 d— 6 5
127,38 d
Furan-3-C 110.13 d
Furan-4-C 108.14 d
4 67,72 d
CHCHg 67.66 d
3 52.96 s
CH N 37.46 t
C(CH3)3 26.63 q
CH3 23.42 q
CH 20.66 qo
C(CH3)3 18.92 s
CH3 17.28 q
183
H (P ,P ,M) J (Hz) Multiplicity
m-CgHg 7 , 7 3 - 7.58
o-C h
~  6 5
C <CH3>2
1,23
CHCH 1.13 6.43U
C(CH3)3 1.05
m
7.50-7.33 - m
^ C6H5
Furan-5-H 7,30 0,82,1.86 d,d
Furan-4-H 6,25 1.88,3,21 d,d
Furan-3-H 5.98 0.80,3.03 d,d
CH2N 4.69 15.73 d
CHCH3 3.97 4.80,6.42 d,q
CH2N 3.67 15.78 d
4 2.98 4.78 d
1.33 - s
oso
(273)
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( 2 , 2 - D i m e t h y l - l , 3 - d i o x o l a n - 4 - y l ) ( j ^ - t o l u e n e s u l p h o n y l o x y )
m e t h a n e  ( 2 7 3 ) .
T o  a l c o h o l  ( 2 1 1 )  ( l O . O O g ,  7 5 . 8  m m o l )  i n  p y r i d i n e  
( 2 2 . 0 0 m l ,  2 7 2  m m o l ,  3 . 5 0  e q u i v a l e n t s )  w a s  a d d e d  p -
t o l u e n e s u l p h o n y l  c h l o r i d e  ( 1 7 . 3 3 g ,  9 0 . 9 m m o l ,  1 . 2 0
e q u i v a l e n t s ) ,  i n  s m a l l  p o r t i o n s  o v e r  2 m i n ,  b y  w h i c h  
t i m e  c o p i o u s  a m o u n t s  o f  a w h i t e  p r e c i p i t a t e  h a d  f o r m e d .  
S t i r r i n g  w a s  c o n t i n u e d  f o r  a f u r t h e r  2 h ,  w h e r e u p o n  t h e  
r e a c t i o n  m i x t u r e  w a s  d i l u t e d  w i t h  e t h e r  ( 5 0 m l )  a n d  t h e n  
p o u r e d  i n t o  w a t e r  ( 1 5 0 m l ) .  T h e  o r g a n i c  l a y e r  w a s
s e p a r a t e d  a n d  w a s h e d  s e q u e n t i a l l y  w i t h  5 %  s o d i u m  
h y d r o x i d e  s o l u t i o n  (3  x 5 0 m l )  a n d  w a t e r  (3  x 5 0 m l ) .  
T h e  r e s u l t i n g  s o l u t i o n  w a s  d r i e d  ( N a 2 S O ^ )  a n d  
c o n c e n t r a t e d  i n  v a c u o  to  g i v e  c r u d e  t o s y l a t e  ( 2 7 3 ) .
P u r i f i c a t i o n  b y  c o l u m n  c h r o m a t o g r a p h y  g a v e  t h e  
d e s i r e d  s u l p h o n a t e  e s t e r  ( 2 7 3 )  ( 1 9 . 4 1 g ,  6 7 . 6 m m o l  o r  8 9 % )  
a s  a c l e a r  v i s c o u s  o i l .
v m a x  ( C H C 1 3 ) 1 6 00  c m ' 1 .
F o u n d  : M - M e ,  2 7 1 . 0 6 4 0 .  C ^ H j g O ^ S - M e  r e q u i r e s  
2 7 1 . 0 6 4 0 1
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S02C(Ar)
CH-C(Ar)3
G6H4
c(ch3 )2
GHO
gh2o
ch2o
c( ch3 )2
ArCH-
(P.P.M)
144.97
132.29
129.78
127.79 
109.83
72.73
69.41
65.89
26.43
24.95
21.47
Multiplicity
s
s
d
d
s
d
t
t
q
q
H
C6H4 
C6H4
CHO
ch2o
ch2n
CH,C(Ar)3
c(ch3 )2
(P.P.M)
7.75
7.31
4.23
3.99
3.96
3.93
3.71
2.40
1.28
1 . 26
J( Hz ) 
9.01  
9.02
6.36, 8.77 
9.16, 10.94
1 1 . 0 1 , 1 3 . 4 0  
5.15, 8.77
M ult ip l ic i ty
d
d
m
d,d
d,d
d,d 
d, d
s
s
s
O T B D M S
/ ^ C 0 2 C H 3
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18 6
(S  ) - 2 - ( t _ - B u t y l d i m e t h y l s i l o x y  ) p r o p a n o i c  a c i d  m e t h y l
e s t e r  ( 2 7 4 ) ^ ^
T o  a s t i r r e d  s o l u t i o n  o f  ( S ) - m e t h y l  l a c t a t e  
( 3 . 0 0 g ,  2 . 7 5 m l ,  2 8 . 8 m m o l )  i n  T H F  ( 1 6 m l )  w a s  a d d e d  Et - jN 
( 7 . 4 8 g ,  1 0 . 3 0 m l ,  7 3 . 8 m m o l )  a n d  D M A P  ( 0 . 3 5 g ,  2 . 8 8 m m o l )  in  
T H F  ( 3 m l ) .
A s o l u t i o n  o f  t _ - b u t y l d i m e t h y l s i l y l  c h l o r i d e  
( 5 . 7 6 g ,  3 8 . 3 m m o l )  i n  T H F  ( 1 0 m l )  w a s  t h e n  a d d e d  r a p i d l y  
a n d  w i t h  v i g o r o u s  s t i r r i n g  to  t h i s  s y s t e m .  A n  i m m e d i a t e  
w h i t e  p r e c i p i t a t e  w a s  o b s e r v e d .
A f t e r  s t i r r i n g  f o r  a f u r t h e r  16  h t h e  s o l v e n t  
w a s  r e m o v e d  i n  v a c u o . T h e  r e s i d u e  w a s  t r i t u r a t e d  i n  
e t h e r  ( 1 0 0 m l )  a n d  t h e  r e m a i n i n g  s a l t s  r e m o v e d  b y  
f i l t r a t i o n .  T h e  f i l t r a t e  t h u s  o b t a i n e d  w a s  w a s h e d
s e q u e n t i a l l y  w i t h  1 5 %  a c e t i c  a c i d  ( 5 0 m l ) ,  w a t e r  ( 5 0 m l ) ,
s a t u r a t e d  a q u e o u s  s o d i u m  s u l p h a t e  ( 5 0 m l )  a n d  f i n a l l y  
w a t e r  ( 5 0 m l ) .  T h e  r e s u l t i n g  e t h e r e a l  s o l u t i o n  w a s
d r i e d  a n d  c o n c e n t r a t e d  i n  v a c u o  t o  g i v e  a p a l e  y e l l o w  
o i l .  P u r i f i c a t i o n  b y  e i t h e r  c h r o m a t o g r a p h y  o r
d i s t i l l a t i o n  g a v e  e s t e r  ( 2 6 8 )  ( 6 . 2 8 g ,  2 8 . 7 7  m m o l ,
q u a n t i t a t i v e )  as  a c l e a r  o i l ,  b . p .  8 4 ° C / 1 8 m m  H g .
v m a x  ( CH C 1 3) 1 7 5 0  c m ' 1
F o u n d :  M - M e ,  2 0 3 . 1 0 9 9 .  C j  Q H 2 2 ^ 3 S i - M e  r e q u i r e s
2 0 3 . 1  1 0 3 5 .
[ a ] D - 3 1 . 0 °  ( c . 1 . 0 1 ,  E t O H )
( l i t . 7 3 . [ a ] D 2 0  - 3 1 . 7 °  ( c . 0 . 6 6 ,  E t O H ) )
187
( P , P , M) Multiplicity
C02CH3
CHCH„
C02CH3
C(CH3>3
CHCH„
C(CH3) 3
SiCH.
1 7 4 . 5 3
6 8 . 3 4
5 1 . 8 2
2 5 . 6 6
2 1 . 3 1
1 8 .2 6
- 5 . 0 4
- 5 . 3 3
d
q
q
q
s
q
q
CHCH.
C02CH3
CHCH„
C<CH3 ) 3
SiCH.
(P.P.M)
4 . 3 0
3 . 6 9
1 . 3 6
0 . 8 7
0 . 0 6 4
0.038
J (Hz)
6 . 7 5
6 . 7 5
Multiplicity
(275)
c i s - l - [ ( F u r a n - 2 - y l ) m e t h y l ] - 4 - [ l - ( h y d r o x y ) e t h y l ] - 3 -  
(phenoxyacetamido]-2-'azelidinone (275)
( 3 - La c t a m ( 2 4 6 )  ( 1 3 5 . 6 m g ,  0 . 2 8 3 4 m m o l )  w a s  d i s s o l v e d  
i n  9 0 %  a q u e o u s  M e O H  ( 1 0 m l )  a n d  p o t a s s i u m  c a r b o n a t e  
( 0 . 2 0 g ,  1 . 4 5 m m o l )  w a s  a d d e d .  A f t e r  s t i r r i n g  f o r  2 . 5  h
t h e  s o l v e n t  w a s  r e m o v e d  i n  v a c u o . T h e  r e s u l t a n t  s o l i d  
w a s  p a r t i t i o n e d  b e t w e e n  C H 2 C I 2 ( 5 0 m l )  a n d  w a t e r  ( 1 0 m l ) .  
A f t e r  s e p a r a t i o n  t h e  o r g a n i c  l a y e r  w a s  d r i e d .  
C o n c e n t r a t i o n  f o l l o w e d  b y  p u r i f i c a t i o n  b y  c h r o m a t o g r a p h y  
g a v e  a l c o h o l  ( 2 7 5 )  ( 8 6 . 4 m g ,  0 . 2 5 8 7 m m o l ,  9 1 % ) .
20 n[ a ] D + 2 6 . 8 °  (c.  1 . 99 ,  M e O H )
v m a x  ( C H C 13 > 3 6 00  c m - 1 , 3 4 0 0  c m - 1 , 1 7 6 0  c m - 1 ,
1 6 8 0  c m - *, 1 6 0 0  c m - *
F o u n d :  M + , 3 4 4 . 1 3 9 3 .  C 1 8 H 2 0 N 2 ° 5  r e q u i r e s
3 4 4 . 1 3 7 2 2 .
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^ (P.P.M) Multiplicity
NHCO 168.658 s
2 167.634 s
O-C(Ar) 157.022 s
Furan-2-C 148.760 s
Furan-5-C 142.746 d
m-CgHg 129.678 d
P-C6H5 122.077 d
O-CgHg 114.628 d
Furan-3-C 110.699 d
Furan-4-C 108.827 d
COCH2 66.964 t
CHOH 65.649 d
3 62.183 d
4 56.192 d
CH2N 39.099 t
CHg 21.420 q
190
H (P.P,M) J (Hz) Multiplicity
NH 7.84 9.90 d
Furan-5-H 7.38 1.86,0.84 d,d
m-CgHg 7.29 7.64,7.23 d,d
P-CgHg 7.00 7.36 t
o-CgHg 6.89 7.66 d
Furan-4-H 6.34 3.28,1.86 d,d
Furan-3-H 6.28 3.25,0.84 d,d
3 5.47 9.95,5.13 d,d
CH2N 4.63 15.94 d
CH20 4.49 - s
CH2N 4.39 15.91 d
4 3.68 5.10,6.42 d,d
CH(OH) 3.68 - m
CH„ 1.17 6.69 d
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